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Project Area

Project area is/
32 X 33 miles

>1,000 sqg miles
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Well Density In Project Area Is Hign
sore square miles have ~ 80 oll & UIC wells

One Mile




Rush Creek — Few sources, salt carried miles downstream

Caddo & Wildhorse
Creeks -— MANY

impacted tribs. ,
MANY sources




Wildnorse & Caddo Watersnedls

Wildnerse Gl
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rlow Do You Locate Problern Sources
over nundrec Is of square rniles?

A. Perform Fieldwork

1. Exarine aenal photos, other historic data for
avidence of old locations, pits, etc.

N

Walk up strearns with TDS rneters to locate just
where salinity IS entering

3. Do visual ground level searches, in vehicle or on
oot — but underground sources can’t &
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est existing producing and UIC wells Tfor casing
integrity elc. — but can’t test old unplugged wells



Dead vegetation,
possible brine
spills early 60s

Examine Alr Pnotos from
1941-Present

—



Analytical Values
used to select
impaired locations

Fresh tributa

Affected tributary

Affected tributaries

Fresh tributary

A
A 4

1 mile

pink



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

n\
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Analytical Values

used to select
Impaired locations

This area....is just
Bad!

A
A 4

1 mile
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OR
> We rlerlrlerl [0 pilot-test Aenal Electro-Magnetic
(cost $1,000 — to $2000/mile?) technique

- Jevelooerl 0/ he JSGS
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For Helicopter EM you need 1 Towed Bird
Geophysical Sensor, and a Helicopter

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



HEM Principles

*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)
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=M Under Ground

The cJer)rrJ of exploration cepencs on soll/rock
conductivity and the instrurnent frequencies



HEM Flown And Saline Streams

Mreg 2
. Area B Wildnerse Gl

bkl O Ared &
e 9, AreaD



Looking at HEM Data

* Frequency Maps, Areas C and D
» Cross sections

° Area B, in Detail
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Area B 100,000 HZ - Shallowest
Cross Seclilion, Area 9

ciscussecdl later No surface
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Shallew anemaely
close o
surface stream
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Area B 6200 HZ — Mediurm Deptn

Area 1
Deeper
anomalies
appear stronger
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ANnoma
Blue is Resisiive, Fresh; RB®& S anductivie,

o~ Power line

lies & Deptnh Along Fligntlines
Saline

Power Iine/

«——Power line



Cross-section Line 20020 -
South =nd
west side of double anomaly

Photo

Fresh near surface

Saline Suriace Seurce Washing to Depfth

High conductivity,
see less depth



Fresh, Non-Saline Shallow

N .

Anemalies Absent
Stronger with Depfh -
May Indicate Deeper Sources

Cross-section Line 20030

This is noise



The Anornaly Photo is Here

(rernernber the chopper look-down carmera?)



We Want To Know Wlore

> Not just where (location and dept
IS the proolern, but also

> What happened througn time?

1

> When did the source(s) ol the
nroodlern happen?



1940s, 50s, 60s, 70s, and recent

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

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



Area AB 1 Meter Deep With Contour



Area AB 30 Meter Deep Witn Contour



1 m conto
follows

stream, de
contours
don’t




Two Sites With Anormalies

In Place and Tirne
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2-1S-4\W Contours on 2006



2-1S-4\W Contours on 1978



2-1S-4\W Contours on 1963

2 Large Pits
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28-2S-3W E/2 2006 Photo
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28-25-3W E/2 1963 Photo



-3W E/2 1955 Photo

Well drilled 1951



28-25-3W E/2 1955 Closeup Pnhoto

Pit

Tanks
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Cconclusions

A good gnd of strearn sampling points, plotted using

GlS, defines Impacted strearns and ~ source areas,
’ r ~ ~ (= ~ ~ [ Vala t‘ f "*
DUt can’t exactly locate sources or aquirer impacts
FleM ca 20 large areas 2 SNOrE firna

re Celln l'flf-!J c-f._l,, clfeels 1N « SNOoOrt fme

FEM data (rmaps and crossections) plotied usir g

G|S can locate and differentiate surface a

\]qJuiter pollution, and
Fl=M with other data can possibly 1D whe

(@h)

L and wnen

And (duh)

> A century of saline spills and poor disp rsal nas
caused extensive strearn and groundwater pollution
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Corp Comm’s wisn lisi

> Finish HEM this are
mllu In Cgr ier, Garvin, Stepnens

> Fxosunrl 'r'nis methodology to other
old oilfield areas in Kay,
Pottawatomie, Seminole, and
Garfield Cos.

o Get Partners, Consortium?



Yellow dots for
locations with high
salinity

Yellow lines for
salinity impaired
streams




How This Affects State Watel

Polluted soil Is eroded Into water,
SpIlls reach streams < ponds;
rain washes pollutants down to aquirers;

Aquirers are also directly affected by leaking
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uifers feed strearns — prolonged salt 0



Project Sampling Hrogrcl_r | Located
Many Hign-salinity Strearns

))

~rorn 2005 t 2007 the OK Cons Cornrn sarmpled
every stream with flow that crossed a road for us

Only two areas In 'rhe = lsh Creek \/Va.tershed

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

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



Magnetometer a Ilows 'he metal

(e.g. well casings
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Old Pits, both

. Drilling mud and

Il. Brine “Evaporation” (once legal, now banned)
Wells —

. Modern leaking (corrosion), and

Il. Old, abandoned and/or poorly plugged

C)n A lnia@a e = A A 1Ch = . =, "
Pipelines - gathering and transrmission

(oY

SPIlls, within and outside of containment

. Accidents and sabotage/teenage pranks

Il. Carelessness and poor equiprnent maintenance
.  Storms (lightning, wind)

lllegal Practices

. Durnping instead of injecting; cutting pit berms

Il. Installing wells with improper casing — affects aq uifers



Flightlines, Areas C&D, on Air Photo



Dark areas are Rush Creek
oilfields

Wildhorse Creek

Upper Caddo Creek



High Resistivity - Low Conductivity Materials

o Fresh water
. Sediments, such as sand or gravel
g Sandstone and limestone bedrock

Low Resistivity - High Conductivity Materials
(besides metal) Include

. Clays or shale bedrock
. Saline water, both “natural” and ollfield
. Nitrate, phosphate, sulfate, other ions

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




> Ameliorate the problems



