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Road Map

ACOG surveyed the West Edmond Qilfield for patches of oilfield brine.

OCC used part of ACOG’s white paper as a basis for the original historic dense oilfield

(HDO) GIS project.

ACOG has used census data and shapefiles generated from the original HDO project to
choose which areas for which to apply for an Area Wide Planning Grant from EPA to clean up

the pollution.

After data quality analysis of the original HDO project, OCC is copying ACOG’s original
method of using historical aerial photos to more accurately identify areas of contamination

around the state.



- West Edmond Aerial Photo Survey
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Where there were Oilfield Tank,

now we have New Homes




5 Miles

1

Canadian

West Edmond Oil Field
Oklahoma County, OK

Legend

1941_Coverage
1951_Coverage
1957_Coverage
1963_Coverage
1976_Coverage
‘West Edmond Field Outline
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And Google Maps has now got some pretty interesting
stuff tool
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Hls’rorlc Dense Oilfield Project
>/

Oklahoma Corporation Commission

2012-2013



Creating Historic Dense Qilfield Maps

for New Well Casing Rule
-*

o OCC saw ACOG'’s white
paper

0 Decided to make maps of West Edmond Asriel Photo Survey
historic dense oilfields (HDOs)
over aquifers to show areas I
that are at higher risk of I
being contaminated with l
oilfield brine ®

0 In these areas, we will acog

recommend that OWRB
require water wells to have
deeper cement casing to

CENTRAL OKLAHOMA GOVERNMENTS

block subsurface brine from TR NESOURCES DS

° . . ~ Grant Number: 604(b) 3 FY: 2012
contaminating the aquifers P pssitance 15 o¥ Co dovo0as0

DRAFT
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HDO Project Data: Point Shapetfile
-

0 Each point is an oil, gas, and/or injection well

location ' o ShLE
0 GPS locations come from well records given to §
the OCC by operators over the years
0 On these forms, locations are recorded by legal fiitee. o
locations for old wells, legal locations and GPS e
for newer wells. SRt - bt
o OCC used a tool which converted legal locations to e
GPS coordinates by grabbing the coordinates of SeSE . Sreee
the centroid of the smallest unit of location e
recorded for the well. e E
0 Chose to look at only wells completed before iR e o :
Jan. 1, 1980, because after 1980, OCC'’s AN SR T S P o
environmental regulations changed. FANGEE LY o “isie o
0 much stricter restrictions for well drilling " i
O started requiring pit liners
O doubled number of field inspectors to enforce the - W e
new rules. * P e



HDQO Project Data: Buffers

]
0 Chose a density of 1 well/40 acres to
define a historic “dense” oilfield ~ T W \
0 1 well/40 acres = 16 wells/square @@ &v.©
mile e % © S0
O This means if you were driving down 1- = p
mile a strip of country road, you would G &
see 4 wells. TS @
0 There are 1,320 feet between wells S e ©)
at this density. Buffering each well Ol o0 Lo
with over half that distance will ensure P s NG (
wells at this distance overlap. SOOI C © o
1,320/2 = 660... ST e ¢
. L3> 5 v‘.) 1€ °
0 700-foot buffers on each point ®8 : : 3 @
@® -




HDO Project Process...Round 1 (The

Hard Wam
1

0 Still in college i =

0 Still getting comfortable  + ©© - > _of
with the Toolbox a0 'S

0 Created shapefile by ' - .
outlining the oilfields by EHOCs aoNG
hand o

2220 SO - ©

0 Only discovered the Siziaan’ 8= .
streaming vertices method HGimonin2 oSN
of creating a polygon Seiigaragion o NG
halfway through o2 Seicr e ol

0 Took months s 5

- .

:
O - s



Slaughterville
Pre-1980 Oil Wells and Dense Wellfields

Round 1T Maps

Oklahoma City Region - Garber Wellington Aquifer
Historic Dense QOilfields
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g & ASCOG municipalities
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HDQO Project Process...Round 2

QHDOVZ-Owiml.IpdatcdHDOshps.M‘Nchp - —
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

NaEa B x (o o165 ~ ] EEEEE P Dovingr K () E O~ A -7 o)Al -0 ~B I U A-H-Zo - ) 5 5 B B B5% -~ B

el Eha = = =l S
RBlaOMQ i« FH-Bl Y Bl R ®e [ Pre-1980 of, gas, andunde =] B @ | @ %2 500 g ¢ Labeling~ < 4 4B i 4k [Fot <] ¢ Edkore » F s RO AR 1 g §napping'@ﬂﬂﬂyn
Table Of Contents 2 x | - p: S e —— e = = L0

e 0 More familiar with ArcToolbox

= & Pre-1980 oil, gas, and underground in | .
=

TR Old shapefile - 0 Created new shapefiles from a
Y series of buffers, unions (with no
gaps allowed), dissolves, spatial
joins (with “sum” function), and
merges

B OWRB-defined major aquifers

(green)

= [0 GW_OWRB_Aquifers
O

= O GW_OWRB_Minor Aquifers
o}

(= County
(=}

= B Township & Range

2 & Sections

0 New shapefile was streamlined
and could be used to give area
of land in historic dense oilfields

o 5,007,610 acres of wellfields at
1/40-acre spacing in OLD
shapefile

o 2,512,121 acres of wellfields at

i X
) Lt ‘ J\ 1/40-acre spacing in NEW
A (r?d qnc]»‘g‘m\x\)i > — shapefile...much less daunting

= O state boundary
o
(=] Basemap
& @ World_Street Map

ot | bl 5P ‘ for rule-making
/NS g :
4?0@? ‘-.\
! =
r@e| e n <

Georeferencing ~ > gl 0 - = E

Publisher~ | o | & | &2 : Vg E R 4 4 Aok ~ b bl PageText~
-55741.849 1279052.756 Meters



Round 2 Maps

and metadatal

Ri\county_cev\state,_cov\Hstone,_Dense_Ofields'v2 0\HDeombined 16 shp
B3

File Edit View G Geoprocessing Customize Windows Help
2lgs x QEERO RN« 0g

Catalog Tree 2 x

Contents | Preview | Description

@ [ Patricia maps to send out to COGs
@ 3 S0DA

® B3 swooa

@ EIvi0

= E1v20

23 Data Driven Pages

E3 OKCorpComm_HDO

3 OtherD:

[E) HDcombined16.shp.
@8 HDcombined6d jpg

(B HDcombinedbd.shp

(¥ HDcombinedsd.uml

@] HDO 2.0 with updated HDO shps.m—
® il HDOG16.jpg

(B HOOG16.shp &
@ i HOOGB jpg

(&) HDOGB4 shp (L
& il HOUR6,jpg

HOUG.shp

@ @ HOUBZjpg

(&) HouB2.shp

(53 Pre19800Gwells.shp

(2] Prel9B0UICwels.shp

Qi Dense UIC redo.mxd
@) Explode 32 wells HDO file.mid

& & 615 Day Statewide High Risk Areas,jpg
Q@] HDO 2.0 v2md

& &l HDO Sand Springs.jpg
Q) HDO20.mxd
Q1 Miami, OK HDO.mxd
ok_cog_regiens.dbf

] UIC1911t01920 xsx
(5 UIC191101920.shp
& UIC192101930 shsx
VIC1921T01930.shp
§| ulclmmw.xh -

] T ——— 0

‘ & Print [ Bt (5 Impont
HDcombined16é
shapefile
historic, dense, oilfields
Summay

This file and HDcombineds4, along with shapefiles of potential groundwater threat areas from other agencies (such as
the Oklahoma Department of Mines and the Oklahoma Department of Agricuiture, Food, and Farming) will hopefully be
used by the OWRB for a new rule regarding water well drilling and casing.

Bacause the 19805 began an era of stricter environmental I'EQLIJEIVDI'\S in the US, dense oilfields completed before
1980 are areas where oilfield contamination (specifically brine) is more likely to occur and migrate into drinking water
aquifers via water wells.

THESE ARE NOT AREAS WHERE CONTAMINATION IS KNOWN TO HAVE OCCURRED. THESE ARE AREAS WHERE, BASED
ON OCC RESEARCH, CONTAMINATION IS MORE LIKELY TO BE LOCATED.

Description
This shapefile is a combination of HDOG16 (pre-1980 oil and gas wells at density > 16/square mile) and HDUI16 (pre-
1980 underground injection wells at density > 16/square mile), so it shows areas of ail, gas, and underground
injection wells completed before 1980 at a density greater than 16/square mile (>1 per 40 acres spacing).

Clusters of 3 or more wells are shown.

The OCC chose pre-1980 oil, gas, and injection/disposal wells because in the 19805, the OCC made much more
strict restrictions for well drillng, started requiring pit liners, and doubled our number of field inspectors so that we
could enforce the new rules. Therefore, wells driled after the 19805 should follow the more restrictive rules and
should not have as many problems as wells drilled before 1980.

The OCC chose the minimum density of 16 wells/square mile because that translates to about 1 well/40 acres,
which is the minimum density at which wells were historically placed. We chose 1400° spacing (a 700"radius circular
buffer on well points) for the wells because that is a little over the 1320’ spacing that would result from the 1 well/40
acres spacing. That way, we would have buffers that actually overlapped and the GIS analyst could make gap-free
clusters of old wellfields for the polygon shapefile. To see areas at even higher risk for contamination, the OCC also

Shapefile selected

Historic Dense Qilfield Locations
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acog

ACOG is applying for an Area-wide Assessment Grant. However, the
environmental justice requirement necessitates that we look at areas with lower
income levels.

Demographic Information (5 Points)

Provide demographic information about your targeted community including pertinent indicators
of population, unemployment, poverty, minorities, and income such as those shown in the
suggested table below, and clearly cite the sources of your data.



Assessment Grant 2014

Qilfields with
Census Blocks
having lower than
median income




Demographic Information (5 Points)

Provide demographic information about your targeted community including pertinent indicators

of population, unemployment, poverty, minorities, and income such as those shown in the

suggested table below, and clearly cite the sources of your data.

Targeted Community
Cleveland Co

Targeted
Community Logan
Co

Statewide

National

Population

21,1031

24,3551

3,751,351"

308,745,538"

Unemployment

7.4%"

6.8%"

6.8%!

7.2%2

Poverty Rate

22.0%"

13.9%1

16.6%?

15.1%3

Percent Minority

25.6%!

17.8%1

26.3%"

26.7%!

Median Household
Income

$ 38,000¢

$ 41,2171

$ 44,8913

$ 49 4452

Other

1Data is from the 2010 U.S. Census data and is available at hitp://www.census.gov/

2Data is from the Bureau of Labor Statistics and is available at http://www _bls. gov/

3Data is from the 2010 American Community Survey and is available at:
http://www.census.gov/acs/www/
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HDO Data Analysis and New Project
Direction

Oklahoma Corpore



Gathering Metadata
I

0 We wanted some data on our data...specifically: we
wanted information about the quality of the well
location data. We found...

0 There are inaccuracies:

0 Sometimes people don’t understand quarter calls and write
them in backwards. We've caught some of the errors, but
there are a lot of wells.

0 The locations are imprecise:

O Assuming that wells are located at the centroids of the legal
location blocks can give errors of up to 3,733 feet.



Side Note: Legal Locations 101
PLSS Grid

I : Tl cestsma
0 Legal locations in Oklahoma | o " B : e : R: ey
are based on the township- |- i - - ;,imf\m i
range grid of the Public Ot + I [T | H e
Land Survey System T S [Tl ™ 5 v
! e “HH "A )
MUSKOGEE J%; :m : :ov;m
-

Each square

block is a
township /range




Side Note: Legal Locations 101

Townships/Ranges and Sections

- _ supplementary princ pa/l, meridlan -

survey line
// ,1
0 Each township /range block =
is 6 miles x 6 miles, and north
i 1 6l
contains 36 Sections S Iﬁmi REE‘; .
0 Each Section is 1 mile x 1 - base
mile (640 acres) range|vaes | V| T1S
. . . o . e WASE (SRS w—te
0 Each Section is divided into T =
quarters (160 acres), which // o |\ b
o, o 7 t-" \
can also be split into . R}v.-" rw /] R2w | W [ RIE | R2E
quarters (40 acres), which i
can be split again into 10- = RERE
acre and 2.5-acre
quarters. ) |

I8 |17 |16 | 15| 4

19 120 (21 | 22| 23

0|2 |28 | 27| 26

} 1 mile i
31 |32 | 33| 33| a5 | 38 =1 section block

———— 6 miles
= 1 township/iranga hlork




Side Note: Legal Locations 101

Quarter Calls and Location Precision
[ ]

0 The amount of “quarter calls” we get for a well
determines how accurate its GPS location is.

We know that this

Section Townsh | Rang
(640- . well is somewhere
acre) in 2.5 acres.
NE SW SE NW 28 T7N R3IW We only know this
well is somewhere
NW 28 T7N R3W

in 160 acres.



How much imprecision?

“Maximum error”
values (in color) are
based on assumption

that the well in
question had its GPS
location calculated as
center of block, but is
actually located in the
corner.

Each additional
quarter-call given cuts
our potential
maximum error for

that well’s location in
half.

40 acres
“SW NE”

1 233 ft

2.5
€1 Acres “SE NE NE NE”
<10

Acres

“SE NE NE”

2 qtrs given:]933 ft

160 acres “SE”

5,280 ft



So, How Precise is our Well Data?

How accurate are the locations of 232,237 oil and gas wells completed before
Jan1, 1980?

Because of the lack of GPS units at the time of recording, these wells' coordinates are calculated from TRS.

2,868, 1%

48,377,21%

78,678, 34%

® Section
1 quarter
2 quarters
3 quarters
m 4 quarters

11,379,5%

90,935, 39%




How Accurate Is Our Well Data?¢
I

As accurate as it can be, given the technology at the time the wells
were drilled, and the number of well records that exist. But it could be
better.

We want the most accurate maps possible when suggesting people place
extra casing in water wells in those areas. We don’t want to cause people
to spend money they don’t have to, or miss areas that need protection!



OCC is going to copy ACOG’s
original study, in which they
outlined brine spills on historical
aerial photographs

Since 2007, OCC has been
collecting, digitizing, and
georectifying historical aerial
photographs from around the
state.

We currently have over 100,000
photographs

For more information on this
project:

http://www.occeweb.com/og/OH
ADP%20newsletter%202014-
08%20update.pdf

(pictured on right)

Improving Accuracy of Maps of Potential Contamination Zones
Using Historical Aerial Photographs

PRESERVING HISTORICAL AERIAL PHOTOGRAPHS TO O l i AD l‘
PROTECT OKLAHOMA'S CITIZENS AND ENVIRONMENT

The USDA has taken aenal p g of O ide since the
Great Depression. H:stoncally only hard copies of these photographs were
available to the public for free, and they could not be taken off the property of F

their storage site. Agencies’ project-specific photographs are available for & NS 1 S
fee, and commerical aerial photography companies are always available for
hire, but acquiring this data has never been simple or iree.

Until now.

Historical Aerial Photographs:
Windows to the Past

Historical acrial photos are photographs taken of ()n May 12, 1933, President Franklin Roosevelt
the surface of the Earth by aircraft equipped with Mnudrh e creation of the USDA Agricultural
mapping cameras. Photographs taken with the \d;nmmml Act as an attempt at helping the failing
camera pointing straight down at the carth resemble  cconomy by regulating supply and demand of

the one below, and can be placed together intoa agricubtural products. The Act created the

photo mosaic similar to today’s acrial imagery in Agricultural Adjustment Administration (now the
viewers like Google maps and Bing. This irit Famm Services Agency) to oversee fallow land
makes vertical acrial photographs cxtremcly subsidics and the collection of aerial ghmmpu,
valuable to anyonc inierested i studying howa  of the US by county for agricultural planning

landscape has changed over time. soil conservation efforts.

- b 3 Al
" ot g
i . g
3 A" b e
Each county and state made hard copy prints from ey 3
I = . the negatives provided by the USDA before smdlng L ¥ ;
‘1 L e to the National Archives. However, s £ A £ 4
0 many of the original negatives at the O W R RS r
Archives had deteriorated to such a state that they "y S 3
were unussble, and subscquently destroyed. L ey
Conscquently, the isting records of these . :
photos arc the original print: s and any copics made o M capiiot and
across the county.

from them, which arc housed in repositorics scattered e
ok .,r., ma s oy
®b  DEQ L COLLABORATION
a OHADP is a collaborative effort to collect in one place, digitize,
Ao M .,‘m..... and make available to the public all of the historical aerial
6 photographs of Oklahoma. We aim to preserve these valuable

UNIV] FRSI TY =
OfMaz: of- l pieces of history and facilitate their present and future use.
OKLAHOMA acog

| Agrial Pixeography C: 3301«




Limited Project Range
I

0 Obviously, we can only outline brine patches in areas for which we
have historical aerial coverage.

0 Our aerial coverage matches up fairly well to old oilfields (not so
much gas, unfortunately)—Dby design. We rectify oilfield counties
first.

Oil Gas
Combination



Making the Georeferenced Extent

Maps
-_

o Started off pulling all
georectified county-year
.jpgs directly into
ArcMap and creating a
“historical aerial
photographs extent”
shapefile by outlining
them by hand... like the
first HDO maps.

0 Recognizing a pattern,
did some research...

0 Learned about raster
catalogs and wireframes! Pastels show what we have georectified.

Reds are county-years whose georectification
is in progress.



Extending the Project’s Range with

OKMAPS
T .

0 OCC has given all of our 100,000
historical aerial photographs to the
Conservation Commission

o FTP site
o Data viewer, OKMAPS
O FREE PUBLIC DOWNLOAD.

0 Hope: Crowdsource georectification
of the aerial photographs

O We request that anyone who
georectifies photographs from this
source return them to Madeline
Dillner at the Corporation

Commission, so they can be added to University GIS classes could be
our collection and OKMAPS’

powerful crowdsourcing partners.



In Conclusion...

1.

Oilfield brine is a common and persistent problem in Oklahoma due to extensive historic oil and gas

exploration and production activity.

Brine patches can be identified in historical aerial photographs as asymmetrical white smears—

brine pits will be rectangular.

It is possible to make shapefile of where contamination is more likely to occur. This method is fast
and gives people a general idea of where they need to be careful when drilling water wells—or at
least gives them the idea that they should be careful. It also gives governmental bodies a better
idea of what areas in their jurisdiction may be most in need of environmental cleanup.

Crowdsourcing the georectification of the state’s historical aerial photographs will allow the method

of outlining brine patches on aerial photographs used in ACOG’s West Edmond Oilfield Study to be

applied across the state.

Knowing where brine contamination is across the state and requiring deeper cement casing on water

wells in those areas will help protect Oklahoma'’s valuable groundwater resources from being
contaminated with oilfield brine via the gravel-pack of water wells.
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Pictured: Area around Altus Dam, 1984
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