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Project area is 
32 X 33 miles, 
>1,000 sq miles

Project Area



This Area Has Highly saline 
Produced Water

This Area Has Highly saline 
Produced Water

• Seawater is 3.5% salt; 
• Produced water in this area can be 17% 

salt 
• The Garvin Co. average, 266 wells 

tested –
–Chlorides 101,407 ppm
–TDS 164,834 ppm
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Well Density In Project Area Is High
some square miles have ~ 80 oil & UIC wells
Well Density In Project Area Is High
some square miles have ~ 80 oil & UIC wells

One Mile



Rush Creek – Few sources, salt carried miles  downstream

Caddo & Wildhorse 
Creeks -– MANY 
impacted tribs. , 
MANY sources



Wildhorse & Caddo WatershedsWildhorse & Caddo Watersheds



How Do You Locate Problem Sources
over hundreds of square miles?

How Do You Locate Problem Sources
over hundreds of square miles?

A. Perform Fieldwork 

1. Examine aerial photos, other historic data for 
evidence of old locations, pits, etc.

2. Walk up streams with TDS meters to locate just 
where salinity is entering 

3. Do visual ground level searches, in vehicle or on 
foot – but underground sources can’t be seen!

4. Test existing producing and UIC wells for casing 
integrity etc. – but can’t test old unplugged wells
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Examine Air Photos from 
1941-Present.

Examine Air Photos from 
1941-Present.

Dead vegetation, 
possible brine 
spills early 60s



Affected tributaries

Fresh tributary

Fresh tributary

Affected tributary

Fieldwork ~Hard if Few Source Areas
Velma Area - Impaired Streams ( yellow); Source Areas ( pink )

1 mile

Analytical Values 
used to select 

impaired locations



Worse For Many Areas & Multiple Sources
Caddo Creek. - Impaired Streams ( yellow); Source Areas (pink)
Worse For Many Areas & Multiple Sources
Caddo Creek. - Impaired Streams ( yellow); Source Areas ( pink )

This area....is just 
Bad!

1 mile

Analytical Values 
used to select 

impaired locations



Problem – Locating Source Areas
over hundreds of square miles
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over hundreds of square miles

OR
• We decided to pilot-test Aerial Electro-Magnetic 

(cost $1,000 – to $2000/mile2) technique
• Developed by the USGS

1. Helicopter EM checks large areas quickly, 
and 

2. Defines types of sources to look for; but 
3. Still needs some fieldwork to locate exact  

sources
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For Helicopter EM you need 1 Towed Bird 
Geophysical Sensor, and a Helicopter

Geophysical system is in a 
torpedo like assembly ~ 18 feet 
long hung under Chopper

� 5-6 EM Frequencies,              
400 – 100,000 Hz

� Magnetometer

� High Res. GPS

� Laser Altimeter

� Camera



•Current through coils at the end of the Bird 
induce a magnetic field which induces a current in 
the ground which sensors @ other end read

•Electromag data converted to apparent resistivity

•Depth of exploration depends on the frequency 
of the current and the true resistivity of the earth

•See contrast, high resistivity materials (e.g. 
sediment, sandstone, limestone, fresh water) 
verses low resistivity materials                        
(e.g. saline/ion-rich water, shales, metals) 

HEM PrinciplesHEM Principles



EM Under Ground
The depth of exploration depends on soil/rock 

conductivity and the instrument frequencies

EM Under Ground
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HEM Flown And Saline StreamsHEM Flown And Saline Streams



Looking at HEM DataLooking at HEM Data

• Frequency Maps, Areas C and D

• Cross sections

• Area B, in Detail
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Areas C & D 100,000 HZ –
Shallowest

Areas C & D 100,000 HZ –
Shallowest



Areas C & D 6200 HZ
Medium Depth

Areas C & D 6200 HZ
Medium Depth



Area B 100,000 HZ - ShallowestArea B 100,000 HZ - Shallowest
2
0
0
3
0



Area B  25,000 HZ Area B  25,000 HZ 
2
0
0
3
0



Area B 6200 HZ – Medium DepthArea B 6200 HZ – Medium Depth
2
0
0
3
0



Area B  – 1500 HZArea B  – 1500 HZ2
0
0
3
0



Line 10080

Line 20030

Line 20020

Anomalies & Depth Along Flightlines –
Blue is Resistive, Fresh; Red is Conductive, Saline
Anomalies & Depth Along Flightlines –
Blue is Resistive, Fresh; Red is Conductive, Saline

Power line

Power line

Power line



Cross-section Line 20020 -
South End

west side of double anomaly

Cross-section Line 20020 -
South End

west side of double anomaly

High conductivity, 
see less depth

Photo
Fresh near surface



Cross-section Line 20030 
North End

Area 1

Cross-section Line 20030 
North End

Area 1

This is noise



The Anomaly Photo is Here
(remember the chopper look-down camera?)
The Anomaly Photo is Here

(remember the chopper look-down camera?)
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We Want To Know MoreWe Want To Know More

• Not just where (location and depth) 
is the problem, but also

• What happened through time?

• When did the source(s) of the 
problem happen?
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Combining Different Data LayersCombining Different Data Layers

• Corp Comm has obtained air photos from the 
1940s, 50s, 60s, 70s, and recent 

• The USGS made HEM maps for us at 1, 5, 
10, 20, 30 and 40 meters deep

• Using these, Bruce extracted outlines of  
anomalies at  1, 10, and 30 meters deep that 
exceed certain values (e.g. >200 mS/m)

• I am now overlying the anomaly outlines on 
the photos to check for obvious potential 
sources
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Area AB 1 Meter Deep With ContourArea AB 1 Meter Deep With Contour



Area AB 30 Meter Deep With ContourArea AB 30 Meter Deep With Contour

Contour in Green



1 m contour 
follows 
stream, deep 
contours 
don’t



Two Sites With AnomaliesTwo Sites With Anomalies

In Place and TimeIn Place and Time



30 meter Deep HEM Map30 meter Deep HEM Map
One Mile



2-1S-4W Contours on 20062-1S-4W Contours on 2006



2-1S-4W Contours on 19782-1S-4W Contours on 1978



2-1S-4W Contours on 19632-1S-4W Contours on 1963

2 Large Pits



2-1S-4W Contours on 19562-1S-4W Contours on 1956

3 Large Pits



28-2S-3W E/2 2006 Photo28-2S-3W E/2 2006 Photo



28-2S-3W E/2 Closeup 2006 
Photo

28-2S-3W E/2 Closeup 2006 
Photo



28-2S-3W E/2 1978 Photo28-2S-3W E/2 1978 Photo



28-2S-3W E/2 1963 Photo28-2S-3W E/2 1963 Photo



28-2S-3W E/2 1955 Photo28-2S-3W E/2 1955 Photo

Well drilled 1951



28-2S-3W E/2 1955 Closeup Photo28-2S-3W E/2 1955 Closeup Photo

Tanks

Pit



ConclusionsConclusions
• A good grid of stream sampling points, plotted using 

GIS, defines impacted streams and ~ source areas,
• but can’t exactly locate sources or aquifer impacts.
• HEM can map large areas in a short time
• HEM data (maps and crossections) plotted using 

GIS can locate and differentiate surface and deeper 
aquifer pollution, and (inferentially) source types.  

• HEM with other data can possibly ID what and when
And (duh)
• A century of saline spills and poor disposal  has 

caused extensive stream and groundwater pollution
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Corp Comm’s wish listCorp Comm’s wish list

• Finish HEM this area – >200 sq. 
miles in Carter, Garvin, Stephens 
Counties are affected, and 

• Expand this methodology to other 
old oilfield areas in Kay,
Pottawatomie, Seminole, and 
Garfield Cos. 

• Get Partners, Consortium?
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Yellow dots for 
locations with high 

salinity

Yellow lines for 
salinity impaired 

streams



How This Affects State Waters How This Affects State Waters 

• Polluted soil is eroded into water; 

• Spills reach streams & ponds;
• Rain washes pollutants down to aquifers;

• Aquifers are also directly affected by leaking 
wells and deep brine pits; and

• Aquifers feed streams – prolonged salt ‘bleed’
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Project Sampling Program Located 
Many High-salinity Streams

Project Sampling Program Located 
Many High-salinity Streams

• From 2005 to 2007 the OK Cons Comm sampled 
every stream with flow  that crossed a road for us

• This grid of stream sampling points located saline 
streams and found approximate sources areas

• Only two areas In the Rush Creek Watershed 
were adding salinity, affecting miles downstream.

• However, the Wildhorse and Upper Caddo 
Watersheds had many affected tributaries , 
indicating many different sources to locate.
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HEM SURVEY SENSOR 
SYSTEM (the “Bird”)

� 5-6 EM Frequencies

400 – 100,000 Hz

� Internal Magnetometer

� High Resolution GPS

� Laser Altimeter

Chopper has a GPS, Altimeter, 
& look-down camera

* Helicopter Electro-Magnetic

Corp Comm/USGS
HEM* Survey Takes 
Off, S. Oklahoma, 
March 2007



Magnetometer allows the metal effects 
(e.g. well casings) to be accounted for
Magnetometer allows the metal effects 
(e.g. well casings) to be accounted for



Potential Oilfield Sources IncludePotential Oilfield Sources Include
• Old Pits, both

I. Drilling mud and 
II. Brine “Evaporation” (once legal, now banned)

• Wells –
I. Modern leaking (corrosion), and 
II. Old, abandoned and/or poorly plugged

• Pipelines - gathering and transmission

• Spills, within and outside of containment
I. Accidents and sabotage/teenage pranks
II. Carelessness and poor equipment maintenance
III. Storms (lightning, wind)

• Illegal Practices
I. Dumping instead of injecting; cutting pit berms
II. Installing wells with improper casing – affects aq uifers
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Flightlines, Areas C&D, on Air PhotoFlightlines, Areas C&D, on Air Photo



Saline Streams (2004), Area Oilfields

Dark areas are 
oilfields

Rush Creek

Wildhorse Creek

Upper Caddo Creek



High Resistivity - Low Conductivity Materials

• Fresh water

• Sediments, such as sand or gravel

• Sandstone and limestone bedrock

Low Resistivity - High Conductivity Materials 
(besides metal) Include

• Clays or shale bedrock

• Saline water, both “natural” and oilfield

• Nitrate, phosphate, sulfate, other ions

We see the contrast between fresh and saline (high 
ion) areas in water or non-clay sediment/bedrock



Next StepsNext Steps

Finish this pilot area
• Map and define the sources, 
• Locate sources on the ground in 

plumes
Air Photos
Ground EM
Ground Searches
Test Wells
etc.

• Ameliorate the problems
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