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PROBLEMS ADDRESSED IN THIS GRANT PROJECT 
 
The Project Area is shown on Figure V, in the Figures section, on page 22. 
 
Salinity, Terminology 
When most people think about possible oilfield-related pollution, they envision oil spills.  
However, there is a more insidious and longer term problem: oilfield produced water, sometimes 
called brine when very saline (salty), from leaks, spills, and poor disposal practices. While 
petroleum pollutants will naturally break down over time into fairly harmless compounds when 
exposed to oxygen and other near-surface conditions, and can be fairly quickly remediated with a 
variety of currently available techniques, salt is made up of elements such as sodium and 
chloride that exist forever.  Once an area is salinity polluted, the polluting salts will not break 
down to harmless compounds. They can only be induced to move somewhere else, from soil to 
groundwater or from groundwater into the streams and thence to the ocean.  
 
While excess minerals due to elevated levels of any anions1 and cations2 is sometimes called 
salinity, the salinity discussed in this report is based only on the elevated levels of sodium (Na+) 
and chloride (Cl-), and associated high total dissolved solids (TDS) levels, that are common in 
oilfield produced water.  Some of the streams in this area also had high sulfate (SO4

=) levels, but 
sulfate can come from sources other than oilfield waters.  Samples were evaluated for TDS in the 
field using a hand held meter; selected water samples (discussed in the Procedure section) were 
also sent to Oklahoma State University’s Soil Forage, and Water Analytical Laboratory for 
analysis of anions, cations, pH, and other relevant parameters (see Appendix IV). 
  
Project Background 
Sampling done by the Oklahoma Water Resources Board (OWRB) and the Oklahoma 
Conservation Commission (Cons Comm), on their own and at the behest of the Oklahoma 
Corporation Commission (Corp Comm), between 1998 and 2004 demonstrated that the three 
main stem streams (Rush Creek, Wildhorse Creek, and Upper Caddo Creek) in south-central 
Oklahoma were salinity impaired.  Figure VI shows the salinity impacted streams known as of 
2004.  Since these streams were closely associated with old oilfields, some of which have 
produced for almost one hundred years, it was agreed by the state agencies in Oklahoma’s 
TMDL/303d working group that further investigation of this problem should be undertaken by 
Corp Comm, which has jurisdiction over petroleum storage tanks and oil and gas exploration and 
production in Oklahoma. 
 
The United States Geologic Survey (USGS) sampled produced water from oil wells nationwide 
and established a produced waters database (for documentation see 
http://energy.cr.usgs.gov/prov/prodwat/index.htm). It shows that water co-produced with 
petroleum is quite saline in some oilfields and fresh in others. According to this database, 
produced water in the project area can be up to 17% salt; seawater is only ~3.5% salt.  Table I 
shows the average salinity levels in produced water from the four counties in the area based on 
the USGS data. 

                                                 
1  A negatively charged ion; ions are an atom or a group of atoms that are electrically charged, either negatively or 
positively. 
2  A positively charged ion 
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Table I 

Produced Water Salinity In South-Central Oklahoma 
 
County  # Wells in 

database  
Average Cl  
mg/l or ppm 

Average Na 
mg/l or ppm 

Average TDS 
mg/l or ppm 

Carter  240  73,794  35,198  119,467  

Garvin  266  101,407  48,824  164,834  

Grady  114  93,655  48,455  152,262  

Stephens  326  75,059  37,761  122,054  

Cl = Chloride Na = Sodium TDS = Total Dissolved Solids 
 
Unfortunately, oilfield produced water has not always been well managed. Today produced 
water is re-injected underground either back into the producing formation, where it helps keep 
pressure high to enhance oil and gas production, or into another deep zone where it cannot affect 
fresh ground or surface water. However, until the late 1960s surface disposal into large unlined 
“evaporation pits” (Figure VII) was a common practice; while water evaporated, the salts were 
concentrated into a dense brine that too often sank into and polluted groundwater. Spills and 
other potentially polluting activities were also not as well regulated as they are today (Figure 
VIII), and there were not enough state oil and gas inspectors to make sure that best practices 
were carried out. Old wells were not always plugged properly, or not plugged at all (Figure IX), 
allowing produced water and oil to later come up into shallow aquifers or even to purge at the 
surface, creating additional pollution. There were also drilling mud pits which received oil, salt 
water, drilling mud and rock cuttings that came up during drilling and testing; thousands of miles 
of old oil and salt water gathering pipelines lines that could leak (Figure X); and spills due to 
carelessness and/or poor maintenance. Together, these make the perfect recipe for today’s 
resultant saline pollution problems.  
 

Table II 
Possible Oilfield Sources of Saline Pollution 

 
 Details 
Pits  
 

Old unlined 
(legally) pits for 
drilling mud and 
well return fluids 

Old Brine 
“Evaporation” 
pits (once legal, 
banned by 1970) 

Recycling and 
skimming pits 

Modern pits,  
improperly 
built or lined 

Wells Modern, leaking 
(e.g. corroded 
casing) 

Old, abandoned 
unplugged  

Old, legally but 
poorly plugged 
(e.g. mudplugged) 

Injection into 
non-sealing 
zone 

Pipelines Gathering  lines (within a field – take 
well fluids to tanks, brine injection 
well, and/or pit) 

Transmission (to refineries - usually 
oil) 
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Spills, within 
and outside of 
containment 

Accidents Carelessness 
(e.g. opening 
wrong valve) 

Poor equipment 
maintenance; 
corrosion 

Storms (wind,  
lightning, floods) 
 

Illegal Practices 
 

Dumping to land 
or stream 

Not casing O&G 
well to base of 
fresh water 

Cutting contain-
ment berms to let 
polluted fluid out 

Equipment 
sabotage, teenage 
mischief 

Treatment 
facilities 

Very small old refineries, and other facilities to separate oil and water or heat 
and treat oil prior to shipment, were common in some pre 1960 oilfields (see 
Figure XI). These were not built to modern pollution-control standards.  

 
 
Numbers of Potential Sources 
Since Oklahoma has over two hundred thousand older well sites, each of which usually had a 
well and drilling mud pit and oil gathering lines and brine lines to disposal wells and pits, there 
are numerous potential sources for saline pollution. There are up to 80 wells per square mile in 
the older South-Central Oklahoma area oilfields (Figure XI). 
 
Land Affected 
While most of this land is privately held, with no state parks or federal lands in this area, there is  
some tribal land.  Figure XII is a map of the Chickasaw Nation land (as of 2004) in this area. 
 
How This Pollution Affects Ground and Surface Water 
Once soil is polluted, storm water can erode the soil and wash it with attached pollutants into 
streams and ponds. Mud from poorly designed pits can also be eroded. Rainwater can also pick 
up (dissolve) some pollutants from the soil and carry them to streams and/or down into shallow 
aquifers.  In addition, aquifers can be directly affected by leaking wells and leaks from old deep 
“evaporation” pits.  
 
Once an aquifer is polluted, the pollution moves as a plume in the groundwater toward streams, 
which can then become polluted, and toward pumping water wells. Since aquifer movement is 
slow compared to stream flow, this pollution may not be obvious for many years, and can persist 
for tens to hundreds of years until it either naturally remediates (petroleum) or until all of the 
excess cations and anions, typically called salinity if sodium (Na) and chloride (Cl) are 
particularly elevated, finally discharge to streams, ponds, and ultimately the ocean.    
 
Aim, Terms 
This project was directed toward the more persistent oilfield-related salinity pollutants.  The 
terms “impacted”, “saline stream”, “plume” and “anomaly” are used when a tributary, stream, or 
groundwater appear to be significantly elevated in salinity above the background levels; the term 
“impaired” is only used when a stream exceeds Oklahoma’s surface water salinity standards – 
see the Impairment section. 
 
Public Presentations 
I have made 14 public presentations, listed and described in Appendix III to: 

·  Educate environmental professionals and the public about the salinity pollution problems 
related to oilfields, and/or 
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·  Present the work Corp Comm has done in the project area to locate saline streams and 
their sources, and/or to  

·  Present and educate environmental professionals on the new HEM technology.   
 
 
IMPAIRMENT DEFINED 
 
A stream is determined to be salinity impaired by Oklahoma’s surface water quality standards 
[OAC 785:45 Appendix F] when either: 

·  The average of at least 10 samples in a stream, taken in all seasons, exceeds the mean 
standard for TDS and/or chlorides set for the watershed, or 

·  More than 10% of the individual samples taken in a stream (or at least two samples at 
different times if less than 10 are taken) exceed the higher sample standard for TDS 
and/or chlorides in the watershed. 

  
However, to be impaired, the TDS must be a minimum of 700 ppm and the chlorides and sulfates 
at least 250 ppm; if the standard listed are below these minimums, as it is for chloride in the five 
watersheds listed below, then 250 is used as the standard.  Some of the streams in this area also 
exceeded for sulfate, but sulfate can come from sources other than oilfield brines. 
 
There are five sub-basin watersheds in this area.  31081001 and 31081005 cover the relevant 
portions of Rush Creek; 31081003 and 31081004 are the two Wildhorse Creek watersheds in the 
project area; and 31080003 is the Upper Caddo Creek watershed. Figure XIII shows each 
stream’s watershed and sampling locations. The state’s current salinity standards for these 
watersheds are listed below in Table III.  These changed midway through this project when the 
OWRB re-calculated their original data for Appendix F after some inconsistencies were found. 
 

Table III 
2008 Oklahoma Watershed Salinity Standards 

 Chloride, mg/l or ppm 
– must also exceed 250  

Sulfate, mg/l or ppm – 
must also exceed 250 

Total Dissolved Solids 
(TDS), mg/l or ppm, >700 

 Mean Sample Mean Sample Mean Sample 
31080003 134 (250) 184 (250) 521 702 1187 1524 
31081001 106 (250) 161 (250) 154 (250) 248 (250) 3008 4409 
31081003 106 (250) 161 (250) 154 (250) 248 (250) 3008 4409 
31081004 106 (250) 161 (250) 154 (250) 248 (250) 3008 4409 
31081005 106 (250) 161 (250) 154 (250) 248 (250) 3008 4409 
 
 
PROJECT GOALS 
 
Corp Comm staff started this project with several questions that needed to be answered: 
 

• Is there extensive oilfield-brine pollution from many sources affecting the main stem 
streams in this area (Rush Creek, Wildhorse Creek, and Upper Caddo Creek) from a 
century of produced oil and water, or are there 
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• Just a few source areas upstream in each watershed that affect many stream miles 
downstream?  

• What are the sources of the salinity in this area (see Table II)? 
• Can the sources be located? 
 
 

PHASE I – SAMPLING TRIBUTARIES TO THE MAIN STEM STREAMS 
 
Procedure (Tasks 1, 2, 3, and 4) 
The QAPP (Task 1) for this project was written and approved. We contracted the locating of 
stream sampling locations (Task 2) to Cons Comm. They GPS located sampling stations for us, 
wherever a stream with good flow (in spring 2005) crossed a road. Almost 500 potential stations 
were located.  Figure XIII shows each stream’s watershed and sampling location(s).  
 
296 stations, on tributaries and the main stem streams, were sampled (Task 3) for us by Cons 
Comm, which also has its own sampling QAPP and SOPs, beginning in August 2005; ½ of the 
stations were sampled each month. Field meter TDS, pH, and conductivity readings were taken 
each time at all locations. For quality control, water samples from at least 1 of every 8 sample 
locations were sent to Oklahoma State University’s Soil, Forage, and Water Analytical 
Laboratory for analysis of anions, cations, pH, and other relevant parameters. This lab is a 
member of the North American Proficiency Testing (NAPT) Performance Assessment Program.  
 
Additional lab samples were also taken in high TDS streams to determine the anions and cations, 
in order to separate high chloride and sodium oilfield produced water impacts from any non-
oilfield related high sulfate problems. The United States Geological Survey (USGS) sampled 
oilfield produced water from hundreds of wells in each county in this area and throughout 
Oklahoma.  Their database shows that high sulfate alone is very rare in Oklahoma oilfield 
produced waters, although elevated sulfate can be present along with high sodium and chloride.  
 
After 1 year of sampling, streams with elevated salinity were identified (Task 4).  Additional 
sampling was done in the upstream reaches & small tributaries to the sampling locations which 
the initial sampling indicated had significantly elevated salinity, to help define the source areas 
(Task 5).  This continued through April, 2007. In addition, some of the original 296 stream 
locations had gone dry during the mid 2005 to late 2006 drought.  Monthly sampling attempts 
through April, 2007 were continued on these locations once normal rain returned in late 2006. 
 
Results 
The results of the streams sampling are shown in the Sampling Results Table, appended as an 
Excel file. Streams with high salinity are shown on Figure I, below. 
 
Rush Creek was only being significantly impacted by salinity from tributaries in two areas – 
from the Cox City field well upstream in Grady County, and from a few minor tributaries about 
15 miles further downstream.  This appears to be a case where there is not extensive, widespread 
oilfield contamination in the watershed, but rather just a few source areas upstream in the 
watershed that affect many stream miles downstream.  Once these sources are located, and 
attended to if possible, the main stem stream should again become fresh and unimpaired. 
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However, the picture for Wildhorse and Caddo creeks is quite different.   There are numerous 
impaired tributary sampling locations around these creeks, implying many different sources.  
Salinity concentrations are also higher in a few tributaries in this area than in any in the Rush 
Creek watershed.  Figures XIV and XV show the saline streams in more detail. 
 
All streams and tributaries found to be salinity impaired, by Oklahoma’s standards, were placed 
on the federal 303d list (Integrated Report Category 5) in either 2006 or 2008.  A few of the 
streams placed on the list in 2006 will need to be re-evaluated to see if they will stay on the list 
since the OWRB changed some numerical standards for TDS, chlorides and/or sulfate after the 
initial categorization of some of these streams.  
 

Figure I 
Salinity Impacted Streams in the Project Area 

 
The dark dots and areas are oil wells and oil fields. 
 
Biological Assessment (Task 6) 
Three streams were selected for biological sampling to assess salinity impacts on the biota.  This 
was done because Oklahoma has no numerical mineral or salinity standards, for any ions or 
cations including Na and Cl, in either the warm water or cool water aquatic community rules. 
This assessment could begin the process for setting such standards.  Oklahoma’s non-

Rush Creek 

Wildhorse Creek 

Upper Caddo Creek 
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degradation rules language3 does prohibit any beneficial use impairment from excess minerals 
including salinity ions; however, Oklahoma’s current numerical salinity standards are only for 
irrigation and animal watering purposes.  
 
These three streams had low, medium, and high salinity impacts; the higest was impaired and is 
listed on the federal 303d list.  The Oklahoma Conservation Commission did the sampling for us, 
and wrote the evaluation report.  This report was submitted to EPA.  A copy is appended.  
 
 
PHASE II – METHODS AND TECHNOLOGY FOR DEFINING SALINE SOURCE AREAS 
 
Based On Where Streams/Tributaries Were Salinity Impacted 
Figure XVI show examples of some of the saline streams and potential source areas based only 
on the stream sampling data.  Potential source areas are usually drawn upstream to the furthest 
upstream salinity impacted point sampled on each stream.  However, sometimes the tributaries 
have fresh headwaters with saline sources affecting the streams further downstream, or saline 
headwaters that are diluted by fresh water input downstream (Figure XVI second map).  Once a 
stream is already saline, it is hard to detect small salt additions, so there could be additional salt 
input further downstream in the saline streams in addition to the areas shown. 
 
Unfortunately, while this stream sampling was excellent for locating saline streams and helps to 
locate potential source areas, it does not either point to specific types of saline sources or to 
specific locations for them.  Specific sources still have to be found so that they can hopefully be 
remediated, plugged, or otherwise prevented from contributing additional salinity to groundwater 
and streams.  However, specific source location can be difficult when each potential source area 
can cover anywhere from tens of acres to two square miles, and could have one or several 
sources among dozens of well locations including everything from abandoned wells only inches 
across to covered-over pits.   
 
How Do You Locate and address Problem Sources Over Hundreds Of Square Miles? 
To locate sources in the field, staff would usually perform research and fieldwork, including:  

1. Examining aerial photos, other historic data and records if available, looking for old 
drilling locations, mud pits, evaporation pits, etc.; 

2. Performing visual ground level searches, in vehicles and/or on foot, throughout the 
potential source area(s) – but underground sources (e.g. leaking wells, long since 
covered over pits) usually can’t be seen from the surface. 

3. Walk/wade up streams using repeated TDS meter sampling to locate just where 
salinity is entering a stream, and then looking in detail at areas near there to locate 
sources (poison ivy, water moccasins, thorn bushes, trips and falls…..); and/or 

4. Test all of the existing producing and UIC wells in each potential area for casing 
integrity etc. – but this is expensive for the producers, including many conforming to 
state rules, and you can’t test the old wells no longer in operation. 

                                                 
3  785:45-5-9. General narrative criteria  
(a) Minerals. Increased mineralization from elements such as, but not limited to, calcium, magnesium, 
sodium and their associated anions shall not impair any beneficial use. Derivations of certain historic 
concentrations can be found in Appendix F of this Chapter. 
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Initial Corporation Commission Source Location Field Work (Tasks 5, 8, and 9) 
Once the stream sampling delineated possible source areas, Corp Comm field inspectors 
performed visual ground level sources in the area and walked up streams with TDS meters to 
locate specific sources.  Hundreds of old well and pit sites were examined. 71 Abandoned sites 
had potential pollution problems apparent at the surface, and were referred to the Oklahoma 
Energy Resources Board (OERB) for a surface cleanup (Task 8). Copies of these OERB referral 
forms have been submitted to EPA. In addition, all apparent violations to Corp Comm’s rules at 
currently operating sites in the areas inspected were addressed on the spot (Task 9).  Eleven 
abandoned and/or poorly plugged wells near impacted streams were located (Task 8). 
 
Corp Comm was unable to obtain historic aerial photographs until 2008, so these were not 
utilized in the original source searches although they will be used in future investigations. Some 
old well data was checked. Since leaking wells usually cannot be seen in surface searches, no 
currently producing or injection wells were selected for testing, although many underground 
injection (UIC) wells in the area were tested for mechanical integrity in the every-five-year 
schedule required by Corp Comm’s UIC rules.   
 
Plan and Implement Area TMDLs and BMPs (Task 10) 
Referring abandoned sites for a pollution cleanup, plugging abandoned wells, and using coaching 
and rules enforcement to get operators to manage sites better to prevent future pollution have 
been the BMP implementation for this project. These were used instead of classic TMDLs.  
When site inspectors found problems, operators were counseled on better site management and 
told to implement BMPs to prevent additional pollution problems (Task 10). The eleven 
abandoned wells near impacted streams were properly plugged (Task 10) during 2005 and 2006; 
another 91 wells were plugged by Corp Comm in these four counties during the project period.  
 
Evaluating New Technology for Locating Saline Sources (Task 7) 
Corp Comm decided to pilot-test in Oklahoma a helicopter electromagnetic (HEM) technique 
developed by the USGS and Fugro Airborne 4, because: 

1.  Helicopter EM checks large areas quickly – Fugro surveyed almost 30 square miles 
in less than 4 days, including down time for spring thunderstorms; and  

2. The flying and data gathering cost per square mile is fairly low ($1,000 – to 
$2000/square mile in 2007), if enough area is done; and HEM 

3.  Helps to defines the types of sources to look for by demonstrating the size, location, 
and depth of the anomalies; but  

4.  We will still need to do some fieldwork to locate exact sources. 
 
HEM and Surface EM map the differences between the background resistivity of the soil and 
bedrock, and areas on or beneath the ground surface that are either higher or lower in resistivity 
(lower or higher in conductivity) than the background.  What scientists can “see” is the contrast 
between high and low resistivity (or low to high conductivity) areas in soil, sediments and 
bedrock, and in aquifers. 
 

                                                 
4  Fugro Airborne is the survey company that has worked with USGS on developing the HEM technique for 
oilfields, and performed this HEM survey. See http://www.fugro.com/ for additional information. 
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High resistivity = low electrical conductivity materials include: 
• Fresh water, 
• Sediments, such as sand or gravel, and 
• Sandstone and/or limestone bedrock. 

 
Low resistivity = high electrical conductivity materials include: 

• Metals and metal ores, 
• Clays or shale bedrock, 
• Saline soils and water, both “natural” and oilfield, and 
• Nitrate, phosphate, sulfate, and other ions.                     

 
In addition to locating saline sources in the soil, bedrock, and shallow aquifers, down to as much 
as 70 meters deep, this technique is also useful for locating and mapping: 

• Metal ore exploration areas; 
• Fresh water aquifers, which often have higher resistivity than the soil and bedrock; 
• Land application sites – areas with high soil fertilizer/litter (nitrate, phosphorous ions), 

saline drilling mud, or municipal sludge; 
• CAFO pit & drilling mud pit leak plumes, high in nitrates and/or salinity; 
• Septic tank leak plumes; and to 
• Identify sea water and brine incursion zones in coastal areas. 

 
For Helicopter EM you need 1 Towed “Bird” Geophysical Sensor (Figure XVII), 18 feet long 
and 2 feet in diameter, and a helicopter to carry it on a 100 foot cable.  Figure XVIII shows the 
helicopter and bird taking off on a survey flight; Figure XIX shows the four HEM areas flown.  
The helicopter flies at 200 feet above the ground surface with the bird at 100 feet, except when a 
high power electric line or other obstacle is encountered forcing them to temporarily fly higher. 
High power electric lines can also interfere with the signals for a short distance. 
 
Hem Survey Sensor System  
The “Bird” has 

�    5-6 EM frequencies from about 400 to at least 100,000 hertz (Hz)5; a 
�    Magnetometer; a 
�    High resolution GPS6; and a 
�  Laser altimeter (since signal strength to the ground varies with height, corrections can 

be made when the helicopter needs to fly higher than the proscribed altitude) 
 
The helicopter has:  

�    An altimeter;  
�    The electrical power to run the system, and contains the control systems; a 
�    Navigation system; a 
�    Look-down camera; and a 
�    High resolution GPS 

 

                                                 
5  Hertz (Hz) is the international unit for measuring frequency, equivalent to the older unit of cycles per second. 
6  GPS is the satellite-based global positioning technology that allows a GPS receiver to identify its location 
anywhere on Earth. 
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Very Basic HEM Principles Summary 
Current is sent through coils at one end of the “Bird” to induce a magnetic field which then 
induces an electric current in the ground which sensors at the other end of the Bird read. This 
electromagnetic data is converted to apparent resistivity, which will vary according to the ground 
material the current flows through.  The depth from which data is received – the depth of 
exploration - depends on the frequency of the transmitted signal and the true resistivity of the 
earth.  As the graph below (from Fugro Airborne) shows, the higher frequencies have very 
shallow penetration while the low frequencies penetrate much deeper into the earth, yielding 
information from greater depths.  By processing the electrical conductivity/resistance to flow in 
the ground by frequency, the depths from which data is being received can be ascertained.   
Since the soils and bedrock in the project area have a natural conductivity of between 10 and 100 
mS/m, the HEM frequencies penetrated from a few meters to as much (theoretically) as 70 
meters into the earth, yielding data on both shallow soils and deeper subsurface aquifers. 
 

Figure II 
HEM Depth of Investigation Based on Frequency 

 

 
 
Areas Flown 
The surveys were flown in parallel lines from 400 meters (~¼ mile) apart in Areas A, C, and D, 
to 200 meters (~1/8 mile) apart in area B.  We wanted to determine the best spacing to most 
economically gather the best data in the future.  Areas C and D are separated by a road with 
houses and a power line along it.  Figure XIX shows the four HEM areas flown. 
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Magnetometer 
The magnetometer recorded any metals in the near surface as the HEM flew over each area.  The 
strength of the magnetic field varies with the distance between the metal source and the Bird; 
since the flight paths were either 200 or 400 meters apart, the helicopter did not fly directly over 
every line of wells. The magnetometer survey allows the metal effects (e.g. well casings) to be 
accounted for, and can in effect subtracted out of the data so that the soil and groundwater 
anomalies can be seen with little metal overprint.  Figure XX shows the magnetometer survey for 
areas A and B in relation to the wells drilled in the area. 
 
Maps and Cross Sections (Flight Lines) 
During 2007 the USGS processed the HEM data collected by Fugro Airborne into frequency-
specific maps.  The USGS and Department of Energy collaborated in early 2008 to process the 
flight line data into conductivity-depth data, when the USGS did not have the funds and staff to 
complete this work. In 2008 the USGS used the depth information to make depth cross sections 
along each flight path.  Examples of these maps and cross sections are appended to this report. 
Figure XXI shows frequency maps for areas A and B; Figure XXII shows frequency maps for 
areas C and D. Figure XXIII (appended as .pdf files to this report Word document) shows cross 
sections along the HEM flight lines in areas A, B, C, and D.  Higher resistivity areas, typically 
fresher areas with little to no saline pollution,  are shown in blue and green, while low resistivity 
areas typical of saline pollution are shown in red and (highest in salinity) hot pink. 
 
 
USING THE DATA TO LOCATE SALINITY PROBLEMS AND SOURCES (Task 5) 
 
Using GIS, I began this year to overlay the HEM maps provided by USGS onto base maps and 
adding stream, well, section-township-range, and other available data layers as needed.  In 
addition, midyear the USGS extracted outlines of  anomalies at  1, 10, and 30 meters deep that 
exceed certain values (e.g. >200 mS/m). These can be placed on any of the maps to show the 
anomalies in relation to the saline streams and well fields.   
 
Corp Comm has begun using this data to locate source areas and identify types of sources.  For 
example, if the HEM data shows a shallow source with no corresponding deep effect, we can 
look for evidence of an old surface brine spill or shallow mud pit, and plan soil remediation.  
However, if the data shows a low resistivity anomaly well below the surface with no obvious 
surface source, either all surface evidence has washed out in the last 50 years or the source was 
deeper, perhaps a modern leaking well casing or an old abandoned well. That well will need to 
be located and properly repaired or plugged. 
 
Below is an example from Area B showing a couple of the frequency maps and one cross 
section. 
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Figure III 
Area B Example, Maps and Cross Section 20030 
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                                                                                                             North (top of map) 

 
 
 
 
 
Aerial Photographs 
Corp Comm recently (summer and fall 2008) acquired aerial photographs from the 1940s, 1950s, 
1960s, and 1970s for the project area, to go with the 1990s and 2003-2006 photos we already 
have.  The 1950s-1970s photos are already georectified and added into ArcMap; we are working 
on the 1940s photos. Using these old aerial photographs as layers with the stream and HEM data, 
we can begin to locate potential source areas in time as well as in approximate location (outside 
the HEM areas) and in combination with anomaly location and depth information within the 
HEM areas. 
 
Combining data to locate potential sources in place and time 

I have begun overlying the anomaly outlines on the old aerial photos to check for obvious 
potential sources in the HEM areas, and using the aerial photographs in combination with the 
stream sampling data showing likely source areas where we have no HEM data. This helps to 
locate the salinity sources in both place and in time of occurrence, which will help Corp Comm 
to determine who and/or what was responsible for the brine released. A few likely sites have 
already been identified; inspections of additional sites documented in this process will begin in 
2009. 

One example of combining different types of data is below. 1m deep anomalies were outlined in 
black on the 1 meter deep depth section shown, and 30m deep anomalies were outlined in green. 
10m deep anomalies (no map shown below) were outlined in red. The area of interest (AOI) 
identified is shown in larger scale and the significant elements are pointed out. 
 

Deep anomalies, no obvious surface source 

This is noise 

 Fresh near surface 
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Figure IV 
Maps of Area AB 2-1S-4W: 1, 10 & 30 Meter Deep Anomalies, Aerial Photos 

 
 

 

AOI Contour in Black 

AIO Contour in Green 
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Area AB with 1, 10, 30 meter anomalies, on Aerial Photograph.   

Area of Interest 

Area of Interest 
– old facility 
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Area of Interest 
– 2 pits in 1963 

Area of Interest 
– old facility 
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Old pits are often the source of oilfield saline groundwater plumes, which flow to creeks. 
 
 
CONCLUSIONS, ACCOMPLISHMENTS, AND ACKNOWLEDGEMENTS 
 
A century of spills, inadequate well plugging, and poor (even if legal) historic disposal of high-
salinity oilfield produced water has caused extensive saline stream and groundwater pollution in 
the project area. 
 
A good grid of stream sampling points, plotted using GIS, works well to define saline impacted 
streams and indicate approximate source areas, but can’t exactly locate or characterize the 
sources or aquifer impacts. Locating specific sources on the ground within these areas is then a 
very labor and time intensive process. Ground investigation works best when there is also 
surface evidence or information, such as magnetic data on an old well casing or old aerial 
photographs, to tie the source to a specific location.  Corp Comm staff were able to identify 
many surface sites that needed an OERB-funded remediation and to locate and properly plug 
abandoned wells to prevent additional pollution from occurring. 
 
Deeper subsurface sources, and near-surface sources with no obvious surface expression, can 
often be located more specifically and quickly when geophysical tools are also used. Helicopter 
electromagnetic (HEM) surveys can map large areas in a short time. There are no restrictions 
from stream availability or land access as there can be for stream sampling and surface 
inspections.  The HEM data (maps and crossections) let us locate and differentiate both surface 
and subsurface (including aquifer) pollution locations and likely sources.  When this data is 

Area of Interest 
– 3 pits in 1956 
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combined with GIS-formatted data from many sources including the stream sampling data and 
historic aerial photographs, source location can be rapid.  Corp Comm will be utilizing this data 
for future work in this area. 
 
The main accomplishments of this project are: 
 

1. Stream and tributary sampling successfully identified the salinity impacted streams and 
outlined potential salinity source areas; 

2. HEM was successfully applied in the pilot test areas to refine the target source location 
areas to investigate; 

3. It was determined that while the 400 meter apart HEM flight line spacing can identify 
saline source areas in more detail than the stream sampling alone, 200 meter spaced lines 
were best  to  identify specific, often small, targets (e.g. a leaking well);  

4. Using data acquired and approaches tested in this project, Corp Comm staff were able to 
identify many surface sites that needed remediation, referring them to OERB for a 
cleanup, and to find and properly plug abandoned wells to prevent additional pollution 
from occurring; and  

5. We were able to demonstrate that using stream sampling and electromagnetics in 
combination with other available data is an excellent, cost effective approach to 
identifying and locating many problems related to saline historic oilfield impacts. 

 
The Corporation Commission would like to be able to fly HEM over the rest of the salinity 
impacted streams in the project area to locate saline sources, and to expand this proven 
methodology to other old oilfield areas in Kay, Pottawatomie, Seminole, Garfield and other 
counties in Oklahoma where limited stream sampling has already revealed many saline streams. 
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Figure V 
Project Area 

Project area is 
32 X 33 miles, 
~1,000 sq miles 
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Figure VI 
Salinity Impaired Streams as of 2004 

 
Dark areas are oilfields.

Rush Creek 

Wildhorse Creek 

Upper 
Caddo 
Creek 



 24 

Figure VII 
Produced Brine Evaporation Pit Circa 1940 
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Figure VIII 
Historic Brine Dumping 

 
Produced Water flowing down a road bar ditch.
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Figure IX 
Old Unplugged Abandoned Well and Resulting Pollution 
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Figure X 
Repaired Pipeline Leak 



 28 

Figure XI 
Many Wells Per Square Mile; Treatment Facility or Mini-Refinery 

 

One Mile 
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 Figure XII  
Chickasaw Tribal Land (as of 2004) In the Project Area7 

 

 
                                                 
7  Mack Peterson, Chickasaw Nation, 2004 
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Figure XIII   
Sampling Locations In Watersheds: Rush Creek watersheds 31081001 and 31081005 
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Figure XIII 
Sampling Locations In Watersheds: Wildhorse Creek watersheds 31081004 and 31081004 
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Figure XIII 
Sampling Locations In watersheds: Upper Caddo Creek watershed 31080003 
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Figure XIV 
Salinity Impacted Streams and TDS 
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Figure XV 
Salinity in Tributaries of Wildhorse and Caddo Creeks 
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Figure XVI   
Saline Streams, Sampling Locations (yellow) and Likely Source Areas (pink outline): Velma Area 
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Figure XVI 
Saline Streams, Sampling Locations (yellow) and Likely Source Areas (pink outline): Pruitt Area 
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Figure XVI  
Saline Streams, Sampling Locations (yellow) and Likely Source Areas (pink): Caddo Creek and Tributaries 

 
 

This area....is just Bad! 

1 mile 
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Figure XVII 
 Towed “Bird” Geophysical Sensor (18 feet long and 2 feet in diameter) 
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Figure XVIII 
Helicopter Carrying “Bird”, Taking Off On A Survey F light   
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Figure XIX 
HEM areas flown 
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Figure XX 
Magnetometer Survey, Areas A & B  

Existing and old wells are the black dots 
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Figure XXI 
Frequency Maps Areas A & B 
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Figure XXII  
Frequency Maps Areas C & D 
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Figure XXIII  
Cross Sections Along HEM Flight Lines In Areas A, B, C, and D 
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Appendix I 
Grant Matching And Leveraging Of Funds 



 57 

GRANT MATCH AND LEVORAGING GRANT FUNDS 
 
Plugging Abandoned Wells 
The amount Corp Comm expended for well plugging in the grant project area more than met our 
5% match for this project of $6882. Between July 2005 and July 2006 the Corporation 
Commission spent $86,718 plugging eleven wells near three salinity-impaired streams in this 
project area as part of a much larger abandoned well plugging project.  One of the streams (North 
Pernell Creek) has been on the federal 303d list of impaired (salinity) waters for several years; 
the other two have been placed on the 2008 303d list. Properly plugging these old wells will 
hopefully prevent additional brine from reaching shallow aquifers and surface water in the 
future, helping these streams to eventually meet water quality standards. 
 

Appendix I Table I 
Wells Plugged Near Salinity Impacted Streams 2005-2006 

 
COM-

PLAINT 
NUMBER 

LEGAL  LOCA
-TION  

NO. OF 
WELLS  

COUNT
Y 

ORDER 
NUMBE

R 

NAME OF 
CON-

TRACTOR  

REQ. 
NUMBER 

P.O. 
NUMBER 

EST. 
COST 

ACTUAL 
COST 

DATE 
PLUGGE

D 

Nearest 
Stream 
(down-
slope) 

Is Stream 
Salinity 

Impaired
? 

Nearest 
Stream 
Sample 
point(s) 

04-32451 EN 
S/2N/2N
WNW 

05-
01N-
02W 1 GARVIN 483030 

ORR 
ENTER-
PRISES 

50000046  
9000833 $6,393 $6,393 11/9/2005 

Salt Creek 
Eola Branch 

Yes, on 
303d list 

547 &  
544 

99-32674 N2 NE 
9-1N-
3W 9 GARVIN 433117 

LOVE'S 
CEMENT-
ING 50000189 $33,500 $74,775 3/29/06 

N. Pernell 
Creek 

Yes, on 
303d list 513 

04-31969 
SW SW 
SE 

27-
03N-
05W 1 GRADY 497091 

LOVE'S 
CEMENT-
ING 

5000197  
9003027 $4,300 $5,550 4/12/2006 

Rush Trib 
34-3N-5W! 

Yes, on 
303d list 561 

 
 
To address or prevent other pollution problems, 91 other wells were plugged by Corp Comm in 
these four counties from December of 2004 through March of 2008. 
 
Sites Referred for Cleanup 
In addition, 71 sites in the area were referred to the Oklahoma Energy Resources Board (OERB) 
for a state-funded cleanup.  Cleanup costs on these sites are not yet known.  However, cleanup 
costs for abandoned well sites often exceed $3000.  Even if all of these sites are cleaned up for 
only $3,000 each, $213,000 will have been spent by the state, almost double the federal share of 
grant costs.  The sites referred are listed below. 
 

Appendix I Table II 
Abandoned Sites Referred To The OERB For A State-Funded Cleanup 

 
Land 
Owner/Contact Sec Twp Rng  Co.  Inspector  Inspected 

To 
OERB 

Anna Wright  2 2N 4W Stephens  Searcy  10/31/2005 11/23/2005 
Bob Wright 35 3N 5W Grady  Searcy 12/12/2005 12/28/2005 
Mark Fench  35 3N 5W Grady  Searcy 12/12/2005 12/28/2005 
James Clsneroz 15 1S 5w Stephens  Fisher  2/6/2006 2/22/2006 
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Kim Whisenhunt  15 1S 5w Stephens  Fisher  2/6/2006 2/22/2006 
Brad Heath  32 3S 3W Carter Turner  3/6/2006 3/15/2006 
Chad Lattew 5 1N 5W Stephens  Searcy  4/12/2006 4/19/2006 
Vickie McCarley  3 2S 5W Stephens  Fisher  6/7/2006 6/28/2006 
James Dudley  8 3N 2W Garvin  Frazier    7/12/2006 
David Maxwell  3 1N 5W Stephens  Ramirez 4/17/2006 7/26/2006 
Kent Pogue  4 1S 5W Stephens  Fisher  7/27/2006 8/10/2006 
Kent Pogue  4 1S 5W Stephens  Fisher  7/27/2006 8/10/2006 
Johnny Maxwell  11 1N 5W Stephens  Ramirez 6/29/2006 8/14/2006 
Tom Taylors  14 3N 4W Garvin  Frazier  8/14/2006 8/22/2006 
Charles Smith  35 1N 3W Garvin  Frazier  9/14/2006 10/11/2006 
Dewayne Yelton 12 2S 3W Carter  Welch  10/18/2006 10/25/2006 
Allie Burgress  15 1N 1W Garvin  Frazier  10/11/2006 11/1/2006 
Allie Burgress  15 1N 1W Garvin  Frazier  10/11/2006 11/1/2006 
Allie Burgress  22 1N 1W Garvin  Frazier  10/11/2006 11/1/2006 
Allie Burgress  22 1N 1W Garvin  Frazier  10/11/2006 11/1/2006 
Anthony Property 13 2S 5W Stephens  Fisher  10/24/2006 11/1/2006 
Gary Cunningham  27 3N 5W Grady  Searcy 2/12/2007 2/20/2007 
D.D. Cassell 36 2N 2W Garvin  Turner  2/12/2007 3/7/2007 
Wesley Newman  28 1N 4w Stephens  Ramirez 4/30/2007 5/10/2007 
Lynn Didpendrock 16 1S 2W Carter  Christian 6/21/2007 6/27/2007 
Connie Deatherage 32 1N 1W Garvin Turner  7/26/07 9/5/07 
Charles 
Mcmanaman 

8 3S 2W 
Carter  Smith  9/6/2007 9/12/2007 

David Temple  5 2N 2W Garvin Turner  8/21/07 9/12/07 
David Temple  5 2N 2W Garvin Turner  8/21/07 9/12/07 
James & Rhonda 
Lewis  34 2S 3W 

Carter  Smith  9/5/07 9/12/07 
Ruth K Baker Trust  34 2S 3W Carter  Smith 9/6/07 9/12/07 
DCP Midstream LP 23 2S 3W Carter  Smith  9/7/07 9/17/07 
Caldwell Property 27 3S 2W Carter  Smith   9/26/07 
James Lewis  34 2S 3W Carter  Smith  9/14/07 9/26/07 
LE Norman 
Partners LLC 

16 2S 2W 
Carter Smith 9/20/07 9/26/07 

LE Norman 
Partners LLC 16 2S 2W Carter Smith  9/20/07 9/26/07 
LE Norman 
Partners LLC 

16 2S 2W 
Carter  Smith  9/20/07 9/26/07 

LE Norman 
Partners LLC 16 2S 2W 

Carter  Smith    9/26/07 
Oteka Lund Living 
Trust 

22 2S 3W 
Carter Smith 9/5/07 9/26/07 

Rad Ridley 34 2S 3W Carter  Smith  9/14/07 9/26/07 
Ruth Baker Trust 27 2S 3W Carter  Smith  9/14/07 9/26/07 
Smallwood Frazier  35 2S 3W Carter  Smith  9/17/07 9/26/07 
Unknown when 
referred 

25 2S 3W 
Carter Christian 8/23/07 9/26/07 

Dunlap-Black 
Invesments 35 2S 3W Carter R Smith  10/1/07 10/3/07 
J.W. Rogers  33 2S 3W Carter  R Smith 10/1/07 10/3/07 
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Jim Gunter  16 2S 2W Carter  
Coslett & 
Christian 7/19/07 10/3/07 

Chas C Tilgham 
Rev Trust 22 2S 3W 

Carter  R Smith 10/15/07 10/17/07 
Chas C Tilgham 
Rev Trust 

22 2S 3W 
Carter  R Smith 10/15/07 10/17/07 

Seals Family Farm 
LLC 

22 2S 3W 
Carter  R Smith 10/15/07 10/17/07 

Seals Family Farm 
LLC 

22 2S 3W 
Carter  R Smith 10/15/07 10/17/07 

Bonney R & 
Loreata Martin 27 2S 3W Carter R Smith 10/22/07 10/23/07 
Larry Anderson 15 1N 3W Garvin Turner  10/3/07 10/23/07 
Ruth K Baker Trust  27 2S 3W Carter  R Smith 10/22/07 10/23/07 
Van Snodgrass 14 2N 5W Stephens  Searcy 10/17/07 10/23/07 
J.L. Martin, c/o 
Larry Martin 7 2S 3W Carter Smith 11/5/07 11/14/07 
Leo Lambert 31 3S 3W Carter  Christian 10/5/07 11/14/07 
Citation Oil & Gas  33 3S 3W Carter  Christian 11/9/07 11/21/07 
Joe Sullivan 10 1S 3W Carter  Smith 11/13/07 11/21/07 
Leo Stranger  11 2S 5W Stephens  Fisher  11/15/07 11/28/07 
LE Norman 
Partners LLC 17 2S 2W Carter  Smith 12/3/07 12/14/07 
James Tucker  5 1S 3W Carter  Smith 12/20/07 12/27/07 
Joe Edwards 23 1N 4W Stephens  TSY 3/17/08 3/19/08 
William Jerry 
Perkins  

12 1S 4W 
Stephens  Fisher  3/27/08 4/2/08 

Lawson Guthrie  16 1S 5W Stephens  Fisher  4/1/08 4/3/08 
Jos Mottershead 24 2N 1W Garvin Turner  4/1/08 4/16/08 
Jack Maxwell  29 2N 4W Stephens  Searcy  7/22/2008 7/30/2008 
Robert Stewart 24 3S 3W Carter  Christian 7/17/2008 7/30/2008 
Bonita Scrugg  5 1S 3W Carter  Smith  8/14/2008 8/20/2008 
Bonita Scrugg  5 1S 3W Carter  Smith  8/14/2008 8/20/2008 
Derrel Tivis  16 1S 3W Carter  Smith  8/14/2008 8/20/2008 
Emmitt Harrison  32 3N 5W Grady  Searcy  8/13/2008 8/20/2008 

 



 60 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Appendix II 
Biological Assessment 

 



 61 

AGENCY: OKLAHOMA CONSERVATION COMMISSION 
 
PROJECT: IMPAIRMENT SOURCE LOCATION, EFFECTS DETERM INATION, 

AND TMDL/BMP/CLEANUP ACTION PLANNING 
 
OUTPUT: TASK 6.  BIOLOGICAL ASSESSMENT 
 
 
Output Description 
The following is in fulfillment of Task 6, Biological Assessment of the cooperative agreement 
between the Oklahoma Conservation Commission (OCC) and the Oklahoma Corporation 
Commission (Corp Comm).  For this task, the Oklahoma Conservation Commission conducted a 
summertime biological assessment of the fish community in three streams with differing 
salinities as a first step to evaluating effects of oil field brine contamination on aquatic life.  This 
summary report will convey the analysis of fish data collected at streams of varying salinity 
during the summer of 2006.  Recommendations for future work are also presented. 
 
Background 
Oil and gas exploration and production has and still plays a significant role in the history and 
economy of Oklahoma.  However, nonpoint source pollution from production by-products such 
as brine has resulted in environmental impacts from permanent kill scars to the concern of this 
study, increases in salinity and associated parameters in area streams.  The Oklahoma 
Corporation Commission is the statutory lead agency to gather data directly related to state 
regulated oil and gas exploration/production activities and their effects on the environment.  
Recently, Corp Comm and the OCC have been monitoring streams in historic brine co-producing 
oilfield areas to determine the existence, nature, and extent of salinity impacts and thus focal 
points for remedial efforts.  Such monitoring has resulted in the determination that some streams 
are violating the state water quality standards for TDS, chlorides, and sulfates and are not 
attaining their designated agriculture beneficial use.  Because state numerical water quality 
standards for salinity parameters relate only to the agricultural use, it is not known the protection 
afforded for the preservation of aquatic life uses.  Therefore, this study was undertaken as a first 
step toward determination of the impact of salinity pollution on fish communities and 
exploration of the need for new salinity numerical criteria to protect aquatic life. 
 
Bioassessment is the process of measuring and interpreting the quality of an environment (e.g., 
stream, tropical rainforest) in terms of its plants and animals and the suitability of its habitat to 
support them.  For aquatic environments, particularly streams, benthic macroinvertebrates and 
fish communities are generally the focus.  The premise of bioassessment lies in comparison of 
these communities to a suitable reference or control, which represents some predetermined 
standard such as “natural” or “minimally impacted” conditions.  Using multimetric indices like 
the Index of Biotic Integrity (IBI), the aquatic community of a stream of unknown quality may 
be compared to regional streams (or other reaches of the same stream) of similar habitat but 
known quality to determine the impact(s), if any, of human activity (Plafkin et al 1989).  Since 
the surge in development of rapid biological assessment methods in the late eighties, the OCC 
has been collecting fish, benthic macroinvertebrate, and instream habitat data on Oklahoma’s 
wadeable streams to better characterize the extent and nature of nonpoint source pollution 
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impacts and to provide the necessary baseline and continuing data for beneficial use assessment, 
trend monitoring, reference condition development, and evaluation of implementation projects. 
 
A robust stream bioassessment involves sampling of both fish and macroinvertebrate 
communities in addition to measurement of instream habitat.  To facilitate a more complete 
understanding of bioassessment results, it is necessary to briefly discuss the information 
conveyed from sampling both biological communities, even though this study involved only fish 
data collection.  In contrast to macroinvertebrate samples, which are collected at discrete 
locations in a stream reach, the fish collection is usually based on a much larger section of stream 
(often 400 m or longer).  Fish are longer lived than macroinvertebrates and are better able to 
avoid pulses of toxicants, so long as they are not persistent for long periods of time.  It is 
common to find streams where the fish community appears to be in much greater distress than 
the invertebrate community.  The most common explanation is that the fish community is 
affected by habitat alterations that are not fine enough in scale to affect the invertebrate 
community.  The less likely reason is that a catastrophic pollution event occurred from which the 
invertebrate community has recovered but the fish community has not.  In general, though, the 
fish community is more temporally stable and, thus, is a better integrator of long-term conditions 
over a more system-level scale.  For this reason, fish community analysis tends to relate the 
environmental “median” of a system. 
 
In contrast, invertebrate community analysis tends to detect the effects of short-term 
environmental fluctuations more effectively.  A single eight hour pulse of an insecticide present 
at the lower end of its acute effect level will kill or drive off most of the sensitive species of 
invertebrates.  As the water quality returns to normal, invertebrates that survived along the 
margins of the stream, in backwater areas, and upstream of the release point will drift back into 
the affected area. As dead invertebrates are replaced by live ones immigrating in, the community 
may approach a fairly normal level within a matter of days, so long as the initial reach affected 
by the insecticide release was fairly small. If the affected reach is larger, recolonization may 
have to wait for the arrival of adult, terrestrial life stages, but this will usually begin to happen 
within a week and will be complete for all but a few taxa within a matter of months. A 
bioassessment performed immediately after the pulse of insecticide or other episodic pollutant 
has passed will indicate an impaired invertebrate community and an unimpaired fish community, 
all other conditions being normal.  
 
Because invertebrates are so small and the invertebrate sample examines only a limited area, it is 
possible for the invertebrate collection to be heavily influenced by a strong but localized effect, 
such as a dead animal in the stream. For several weeks, as the animal decays, the invertebrates 
immediately downstream of the animal will reflect the lowering of the water quality seen within 
a few meters of the carcass. Other similar localized effects are seen when a small amount of toxic 
refuse is thrown into a stream or a sample is collected from an area used as a cattle crossing. 
 
The opposite effect is seen once pollution ceases over a long reach of stream. Most aquatic 
insects are able to fly as adults, so they can colonize new waterbodies or recovered stream 
reaches from other reaches or waterbodies that sustain healthy populations. Invertebrates also 
generally have short, fast life cycles so that a fully developed invertebrate community can come 
into existence quickly.  Fish, on the other hand, are restricted in their movement by various types 
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of migration barriers within a polluted system and have no easy way to travel to new watersheds. 
Movement up and downstream often occurs during high water events, but if significant migration 
barriers are present, such as dams and grade control structures, it may never occur; thus, fish 
communities may reflect the impact on a reach for a longer period of time until such conditions 
occur which are conducive to repopulation. 
 
In summary, fish community analysis tends to detect and highlight long-term change and may be 
a better indicator of permanent or semi-permanent effects than macroinvertebrate communities. 
Fish community analysis, however, is not an effective early warning system nor is it as sensitive 
to slight environmental change. Invertebrate community analysis will sometimes detect small, 
ecologically insignificant effects, but will also detect important effects at an earlier stage than 
fish community analysis.  Because of the different information conveyed, both communities 
should be sampled to better characterize the ecological condition of a stream of interest.   
 
Because of the precedent of biocriteria for fish in the state’s water quality standards (and lack of 
them for macroinvertebrates), the interest of this study was to first investigate impacts of 
anthropogenic salinity pollution on the fish community.  To accomplish this, fish collection data 
were analyzed in accordance with the state’s biocriteria assessment procedure initially and then 
using a similar method with comparison to reference conditions of local streams derived from 
OCC monitoring program data.  For robust assessment and criteria development, future efforts 
should include collection and assessment of benthic macroinvertebrate communities as available 
habitat allows. 
 
 
Methods 
 
Fish 
Study sites for fish collections (Table 1; Figure 1) were chosen from a list of three groups 
representing categories of salinity condition exceeding assigned criteria to protect the agriculture 
beneficial use (Table 2).  These categories were determined by Corp Comm through analysis of 
conductivity, field TDS, and chloride data from previous monitoring activities.  Streams of high 
salinity due mostly to sulfates were not included due to natural contribution from local geology 
(gypsum beds).  One study site from each group was selected and field verified by OCC 
personnel for similarity in instream habitat, watershed location and geographic proximity to 
reduce variability from parameters other than those relating to water quality. 
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Ratliffe East Creek:  Corporation Commission Site # 425 34.4779 -97.4925 SE¼ SE¼ SE¼ Section 10-1S-3W Carter low
Trib. to Wildhorse Creek:  Corporation Commision Site # 447 34.4823 -97.5615 W½ W½ SW¼ Section 7-1S-3W Carter med
Countyline Creek:  Corporation Commision Site # 337 34.4633 -97.5585 S½ SW¼ Section 18-1N-3W Carter high

Table 1.  Site Information for Bioassessment Study Sites. 
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All sampling and measurement activities pertinent to this task were conducted according to 
procedures outlined in the Standard Operating Procedures for Water Quality Monitoring and 
Measurement Activities:  Fish Collection (OCC WQ, 2006).  Due to conductivity limitations, all 
fish collections were made using seining techniques only.  The OCC fish collection method 
follows a modified version of the EPA Rapid Bioassessment Protocol V (Plafkin et al., 1989).  
Seining was performed at all sites and was accomplished by use of either 6’ X 10’ or 6’ X 20’ 
seines of ¼ inch mesh equipped with 8’ brailes.  Standard sampling effort entailed collection 
over a 400 m stretch of stream exhibiting instream habitat conditions common for the system 
being collected.  Except for those individuals readily identifiable, fish were placed in 10% 
formalin upon capture and identified to species by a professional taxonomist. Fish species 
identified and released in the field were referenced by a voucher specimen or photographed on 

Table 2.  Salinity Condition Categories and Associated Criteria Used for Stream Selection. 

C o n d u c t iv i t y T D S  ( f ie ld ) C h lo r id e
S a l i n i t y  C o n d i t i o n ( m m h o s /c m ) ( m g / l ) ( m g / l )

H ig h > 5 0 0 0 > > 1 9 9 0 > 1 0 0 0
M e d iu m 3 0 0 0 - 4 0 0 0 > 1 6 0 0 6 0 0 - 8 5 0
L o w 1 9 0 0 - 2 5 0 0 < 1 4 0 0 2 5 0 - 4 7 0
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Figure 1.  Fish Bioassessment Study Sites Located in Northern Carter County, Oklahoma. 
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print film for reference. All fish samples were transferred to ethanol and retained for future 
reference. 
 
Data were analyzed using two procedures.  The first stage of analysis was to assess attainment of 
the aquatic life use assigned to the stream using the state’s biocriteria procedure outlined in the 
Use Support Assessment Protocols (USAP) document (OAC 785:46:15).  Based upon an Index 
of Biotic Integrity (IBI), Oklahoma’s fish biocriteria are established for most of the state and are 
based upon the Omernik’s Level III Ecoregions.  Data were compiled and IBI values computed 
and compared to appropriate numeric criteria to determine beneficial use support. 
 
The second procedure involved a modified IBI approach similar to that outlined in EPA’s Rapid 
Bioassessment Protocol (RBP) (available on the web at the following URL:  
http://www.epa.gov/owow/monitoring/rbp/).  Fish data were compiled and IBIs computed from 
the scores of nine core metrics representing the taxonomic composition, trophic composition, 
condition, and abundance of the fish assemblage at each site.  Scores of 5, 3, and 1 were assigned 
for each metric (according to criteria adapted from Plafkin et al. 1989) and then summed to 
render a total IBI score with a maximum of 35 points.  Each site’s total score was rendered as a 
percent of reference to get the Biological Condition Score and resulting Integrity Class (Table 3).  
The metrics chosen are well documented in literature and include the following community 
evaluations: 
 

(1)  Total Number of Fish Species refers to the total number of taxonomically different 
types of fish in the sample.  This number decreases with decreasing water and/or habitat 
quality (Plafkin et al. 1989). 
 
(2)  Number of Sensitive Benthic Species decreases with increasing siltation and 
increasing benthic oxygen demand.  Many of these fish actually live within the cobble  
and gravel interstices and are very good indicators of conditions that make this 
environment inhospitable. 
 
(3)  Number of Sunfish Species decreases with decreasing pool quality and with 
decreasing cover. Sunfish also require a fairly stable substrate on which to spawn, so their 
long-term success is also tied to conditions that affect the amount of sediment that enters 
and leaves the stream. 
 
(4)  Number of Intolerant Species is a characteristic of the fish community that 
separates high quality from moderate quality sites. A high quality stream will have 
several members of the fish community that are intolerant to environmental stress.  The 
intolerant species will be rarely present in the moderate quality stream. 
 
(5)  Proportion of Individuals as Tolerant Species is a characteristic that allows 
moderate quality streams to be separated from low quality streams. These are 
opportunistic, tolerant fish that dominate communities that have lost their competitors 
due to habitat or water quality degradation. 
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 Table 3.  Biological condition score interpretation for fish (adapted from Plafkin et al., 1989). 
 

Biological Condition Score 
(percent of reference score) 

Biological Integrity Class Characteristics 

>97% Excellent Site is exactly comparable to reference; best 
possible species assemblage present 

80-87% Good 
Site has decrease species richness when compared 
to reference condition; in particular, the more 
intolerant species are missing 

67-73% Fair 
Site has far fewer intolerant and sensitive species 
found at the reference site; trophic structure will be 
skewed 

47-57% Poor Top carnivores and many expected species are rare 
or absent; omnivores and tolerant species dominate 

20-37% Very Poor 
Fewer species and individuals present than at the 
reference site; tolerant species much more 
dominant; DELT anomalies may be frequent 

 
 
(6)  Proportion of Individuals as Omnivores increases as stream quality decreases. 
Omnivores are well suited to prosper in streams that are unstable.  This prosperity comes 
at the expense of fish that have more restrictive diets 
 
(7)  Proportion of Individuals as Insectivorous Cyprinids  increases as the quality and 
quantity of the invertebrate food base increases.  These are the dominant minnows in 
North American streams but are replaced by either omnivorous or herbivorous minnows 
as the quality of the food base deteriorates. 
 
(8)  Proportion of Individuals as Top Carnivores decreases as the quality of the stream 
decreases.  Many top carnivores are popular sports fish, so their absence does not 
necessarily mean life in the stream is stressful.  If angling pressure can be ruled out as a 
cause of low predator numbers, their scarcity is a good indicator and integrator of the sum 
total of life in the stream since they sit at the top of the food web. 

 
(9) Numbers of Individuals in the Sample varies by ecoregion, but within an ecoregion 
it can indicate problems. Total numbers generally decrease with decreasing stream 
quality, but can also increase with nutrient enrichment as the food base grows, provided 
that no other limiting conditions, such as low nighttime dissolved oxygen levels. 

 
Habitat 
Because of the particular sensitivity of fish communities to habitat alteration, instream habitat 
assessments were performed to ensure comparability among sites and thus control for differences 
due to these versus water quality variables.  All sampling and measurement activities pertinent to 
this task were conducted according to procedures outlined in the Standard Operating Procedures 
for Water Quality Monitoring and Measurement Activities:  Habitat Assessment  (OCC WQ, 
2006).  Instream habitat assessments were conducted concurrently with fish collections and 
comprised observations over the same 400 m reach (20 stations at 20 m intervals). 
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OCC’s habitat assessment adheres to a modified version of the EPA Rapid Bioassessment 
Protocols (RBP) (Plafkin et al., 1989) and is designed to assess habitat quality in relation to its 
ability to support biological communities in the stream.  The assessment is based on eleven 
parameters grouped into three primary categories:  micro scale habitat, macro scale habitat, and 
riparian/bank structure (Plafkin et al., 1989).  Micro scale habitat includes substrate makeup, 
stable cover, canopy, and flow.  Macro scale assesses the channel morphology, sediment 
depositions, and other parameters.  The third category looks at the riparian zone quality, width, 
and general makeup (trees, shrubs, vines, and grasses) as well as bank features; bank erosion and 
streamside vegetative cover are incorporated into this section.  Quantitative weighting is given to 
each of these sections in relation to their biological significance.  Scores are computed for each 
of the eleven categories, summed, and assigned as an evaluation of that stream section and 
riparian zone.  Scores can reach a maximum of 180 points.  The following is a brief explanation 
of each metric: 
 

(1)  Instream Cover. This is a term for the component of habitat that organisms                 
hide behind, within, or under.  High quality cover consists of things like submerged logs, 
cobble and boulders, root wads, and beds of aquatic plants.  At least 50% of the stream’s 
area should be occupied by a mixture of stable cover types for this category to be 
considered optimal. 

 
(2)  Pool Bottom Substrate.  Pools are depositional areas of the stream, and as such, are 
easily damaged by settleable material.  A loose shifting pool bottom will not provide 
substrate for burrowing organisms and will not allow bottom-spawning fish to 
successfully spawn.  At least 80% of all pool bottoms must have stable substrate for a 
reach to be considered optimal for this habitat component. 

 
(3)  Pool Variability.  A healthy, diverse community of aquatic organisms requires both 
deep and shallow pools.  A fairly even mix of pool depths from a few centimeters to 0.5 
meters or greater is optimal.  

 
(4)  Canopy Cover.  Since plants require light for growth and survival, a well 
functioning stream needs some amount of light. Moderation is optimal however, because 
with light comes heat and most aquatic organisms are more stressed by the warmer 
waters and the lower oxygen solubility and higher metabolic rates that accompany 
warming of water. 

 
(5)  Percent of Rocky Runs & Riffles.    The presence of rocky runs and riffles offers 
habitat for many highly adapted animals that will increase diversity of samples collected 
from the streams they occupy.  

 
(6)  Discharge at Representative Low Flow. Water is the most basic requirement of 
aquatic organisms. Larger streams tend to have more water, and thus, more varied high 
quality habitat.  
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(7)  Channel Alteration. The presence of newly formed point bars and islands is very 
significant. Unstable streambeds support fewer types of animals than stable ones.  Few or 
no signs of channel alteration are considered optimal.  

 
(8)  Channel Sinuosity. This is a measurement of how far a channel deviates from a 
straight line. More sinuous channels tend to have more undercut banks, root wads, 
submerged logs, etc. We expect IBI scores to rise as channels become more sinuous. 

 
(9)  Bank Erosion Index. Stable stream banks tend to increase IBI scores for many 
reasons. Most importantly, they don’t contribute sediment to the stream channel. As a 
rule, channels with stable banks tend to be deeper and narrower than channels with 
unstable banks. Because of the increased depth and decreased width, they tend to be 
cooler and they also tend to grow less algae for a given amount of nutrients than do 
shallow wide channels. IBI scores increase as bank stability increases.  

 
(10)  Bank Vegetative Stability. Stream banks can be stabilized with a number of 
materials including rock, concrete, and fabric. Banks that are stabilized with vegetation 
benefit the aquatic community more than those stabilized with other materials because of 
the food, shade and greater surface variability and area provided. 
 
(11)  Streamside Cover. A large part of the energy and food input to the stream comes 
from the terrestrial vegetation along the banks. A mixture of grasses, forbs, shrubs, vines, 
saplings, and large trees transfer these necessities to the stream more effectively than 
does any single type of vegetation. IBI scores increase as the form of bank vegetation 
increases in diversity. 

 
 
Results 
Fish and instream habitat collections were conducted for all sites on July 17, 2006.  Instream 
habitat evaluations reveal a similar quality of habitat among study sites (Table 4).  Such habitat 
equivalence is necessary for fair comparison between sites and drives the selection process for 
reference sites used in the secondary IBI analysis.  Knowing the systems are similar from a 
habitat perspective also allows gross difference in fish community scores to be attributed to 
differences in water quality between the sites, which is the desire of this study.  Scores for 
variables such as pool bottom substrate, presence of rocky riffles, and pool variability typify 
streams in the Central Oklahoma-Texas Plains ecoregion. 
 
Table 4.  Habitat metric values and associated scores for study sites. 
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To ascertain support status for the designated fish and wildlife aquatic use (FWP), fish 
collections were first analyzed according to state biocriteria.  This procedure involves calculation 
of a total IBI score which is then compared to thresholds for the appropriate ecoregion of the site 
of interest.  In this case, all sites are contained within the Central Oklahoma-Texas Plains and are 
designated as Warm Water Aquatic Communities.  Biocriteria for these streams require an IBI 
score of 26 or higher to be considered supporting for the FWP beneficial use.  Since total IBI 
scores ranged from 27-29 (Table 5), all sites are considered to support their FWP use based upon 
the fish bioassessment. 
 
To investigate additional community metrics and accomplish comparison to actual reference 
conditions, a secondary IBI analysis was performed.  Based upon extensive work in previous 
bioanalyses, OCC has determined the value of several other metrics which replace some of those 
used in the biocriteria assessment.  These metrics have often proven beneficial in separating 
streams of mediocre condition (e.g., good from fair) versus distinction between the extremes 
(i.e., good from bad).  Reference conditions were determined by averaging metric values for 
three sites recently monitored by OCC which occur in general proximity to study sites, possess 
similar habitat, and were assumed (based upon water quality data) to not be impacted by brine 
contamination.  Metric values were calculated, scored, and then compared to the reference values 
for determination of the final integrity class.  Overall, differences from reference are considered 
minor for all sites even though some degree of impact appears to be evident with increasing 
salinity condition (Table 6). 
 
Conclusions 
The OCC conducted a bioassessment of three sites of varying salinity condition to determine the 
effects of coproduced brine pollution on fish communities.  This study was undertaken as a first 
step toward development of aquatic life criteria for salinity parameters.  Fish collection data were 
analyzed to determine compliance with state biocriteria first and then with area reference 
conditions to provide a more exacting assessment of difference among sites.  Results of this 
study indicate that, despite the varying salinity conditions above background levels, study sites 
are supporting their FWP use and show only minor differences from reference conditions for the 
area.    
 
 
Table 5.  Fish Metric Values, Scores, and Final Support Determinations per State Biocriteria for Study Sites. 
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Table 6.  Fish Metric Values, Scores, and Biological Integrity Classes per OCC Bioassessment for Study Sites.  
(Study sites ordered by increasing salinity condition). 
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Meaningful interpretation of these findings depends upon a couple of important thoughts.  First, 
typical fish communities for streams in this region of the state are naturally comprised of species 
which are tolerant to very tolerant of fair and variable water quality and, to an extent, habitat 
alteration.  As with most pollutants, fish community response to changes in salinity and related 
parameters will mostly depend upon magnitude and duration, but since many adult freshwater 
fish species can tolerate salinities up to 16,000 EC (electro-conductivity units), levels considered 
high for this study may not necessarily be at thresholds necessary to critically affect these 
species.  This thought, however, must be balanced with the consideration that although levels 
may not be lethal, effects on growth and related parameters may be occurring (Boelter et al. 
1992).  Site #337, which represents the highest salinity condition category, exhibits the lowest 
numbers caught among sites which could be an indication that reproduction and recruitment has 
been impacted. 
 
Second, reference sites chosen for this study, although best available, may not be the most 
appropriate conditions for comparison.  Reference sites were chosen from a pool of all sites 
recently monitored in the same general area of the same ecoregion as the study sites.  While 
ensuring comparison in gross habitat scores, all reference sites were located on larger systems 
than study sites.  Because of this, reference conditions could be somewhat inflated above what 
would be expected for smaller systems, thus resulting in a greater difference from natural 
conditions than actually occurs.  Despite this consideration, however, comparison with the same 
reference condition for all sites will still effectively assess any differences among sites which is 
an important focus of this study.  It must also be noted that sites used for reference were assumed 
not to be impacted from brine contamination based upon review of water quality data alone.  It is 
possible that this assumption could be in error for the streams and also bias the reference 
conditions used for comparison. 
 
Finally, other metrics may better represent impacts due to salinity issues than those calculated in 
this study.  After some research and personal communication with Charlie Howell (EPA Region 
VI Monitoring Coordinator), it was determined that there were no immediately apparent metrics 
that specifically assessed salinity impacts, so traditional metrics were used.  Future studies 
should explore other aspects of the fish community that may be more sensitive to impacts by 
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salinity and related parameters.  Knowledge of fish species salinity tolerances would provide a 
solid framework for developing such metrics. 
 
Recommendations 
Results of this study indicate several areas in which to improve the effectiveness of future 
investigations.  Perhaps the most important, biotic communities other than fish may prove more 
sensitive to impacts at salinity condition levels dealt with in this study (Olive et al. 1992).  In areas of 
the state with predominately tolerant to super tolerant fish communities such as western Oklahoma, 
benthic macroinvertebrates should be collected and evaluated as an additional course of the 
bioassessment.  Other communities may also prove beneficial.  Olive et al. (1992) demonstrated  the 
usefulness of epilithic diatoms in differentiation of streams with historic brine impacts. 
 
Another area of significant improvement in study design pertains to the reference conditions used for 
the secondary IBI analysis.  The ideal scenario would be to locate study sites with differential impact 
along the stream reach such that effects could be studied on an upstream vs. downstream basis.  If 
this is not possible, reference sites should be chosen and sampled along with study sites in order to 
limit variability imposed by conditions such as hydrologic phenomenon which differ temporally and 
may affect the representativeness of the “background” conditions.  These sites should be similar in 
system size, habitat, and be known to be free from brine impacts. 
 
A final recommendation would be to focus initial study efforts on an area of the state with more 
sensitive biological communities.  As the first steps toward development of salinity criteria for 
aquatic life are taken,  it seems reasonable to begin with systems that we expect to be more quickly 
impacted.  For Oklahoma, this would be most of the streams in the eastern quarter of the state which 
generally exhibit ambient conductivities less than 500 umhos/cm. 
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Appendix III 
Presentations Made Relating To Project Work, Methods, and Findings 
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South Oklahoma Grant Presentations 2006-2008 
Patricia Billingsley 

 
Oct. 18, 2006 International Petroleum Environmental Conference, San Antonio 
 Covered sampling methodology, showed first 12 months results on stream 

salinity maps 

 
Feb. 23, 2007 Oklahoma Groundwater Association Conference, Oklahoma City 

Showed first 15 months stream salinity monitoring maps, discussed possible 
groundwater interactions and proposed HEM work 

 
March 8, 2007  Marginal Well Commission Operators Meeting, Velma 
 Presented the project to oilfield operators working in the project area, prepared 

them for Helicopter overflights 
 
May 1, 2007 EPA Region 6 Monitoring Conference, Bandera   
 Emphasized surface water monitoring, showed stream salinity maps after 18 

months of sampling, preliminary HEM maps 
 

July 27, 2007 Osage Nation, Pawhuska  
 Showed stream salinity monitoring maps with all data and preliminary HEM 

maps, discussed how this type of sampling and HEM data could help them with 
their salinity problems 

 
Sept. 18, 2007 Ground Water Protection Council Conference, San Diego 
 Showed stream salinity monitoring maps with all data and preliminary HEM 

maps, emphasized adjacent surface water-groundwater interaction data, talked 
about HEM methodology & using HEM for groundwater problems 

 
Sept. 27, 2007 Chickasaw Nation, Ada 
 Showed the Public Health Director and environmental staff the stream salinity 

monitoring results and maps, gave them a copy of the stream monitoring data, 
talked about HEM methodology, and showed the initial HEM maps 

 
Nov. 6, 2007 International Petroleum Environmental Conference, Houston 
 Two talks: 1. Stream salinity sampling methods and results including oilfields 

and maps of impacted streams. 2. HEM methodologies and initial HEM maps 

 
Nov. 30, 2007 EPA Region 6 Tribal Environmental Summit, Dallas 
 Showed stream salinity monitoring results and maps, HEM maps, discussed how 

stream monitoring and HEM could reveal salinity problems and sources 
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Feb. 21, 2008 Oklahoma Groundwater Association Conference, Oklahoma City 
Showed stream salinity monitoring maps, HEM maps and initial crossections, 
emphasized adjacent surface water-groundwater interaction data, talked about 
HEM methodology & using HEM for groundwater problems 

 
April 10, 2008 Oklahoma Clean Lakes and Watersheds Conference, Tulsa 

Showed stream salinity monitoring maps, HEM maps and initial crossections, 
emphasized surface water impacts resulting from oilfield brine problems and 
related groundwater plumes. 
 

May 2, 2008 Oklahoma State Geographic Information Council, Oklahoma City 
Showed stream salinity monitoring maps, HEM maps made using GIS (and told 
a bit on how made), and initial crossections. Discussed the surface water impacts 
resulting from oilfield brine problems and related groundwater plumes the maps 
showed. 
 

Sept. 30, 2008 South Central Arc Users Group Annual Conference, Oklahoma City 
Showed stream salinity monitoring maps, HEM maps made using GIS, discussed 
how made, and crossections. Discussed the surface water impacts resulting from 
oilfield brine problems and related groundwater plumes the maps showed. 

 
Nov. 13, 2008 International Petroleum Environmental Conference, Albuquerque 
 Showed the HEM data and crossections, and discussed combining these with 

other data including aerial photographs to locate the salinity sources in place and 
in time of occurrence. 
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Appendix IV 
Stream Sampling Data 
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