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Earthquakes Mag >=3.0, Jan 1, 2009-Jun 7, 2016
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Arbuckle SWD in Oklahoma, 2009-2014
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Conventional vs. Unconventional Production
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Oil Production by County 2009-2014 and by Zone 2009-2015
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Gas Production by County 2009-2014 and by Zone 2009-2015
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“Calibrated” ratios used to calculate produced H,0 from 2009-2015
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Produced H,O by County 2009-2014, and by Zone 2009-2015
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U.S. Geological Survey National Produced Waters

http://eerscmap.usgs.gov/pwapp/

Geochemical Database v2.2 (PROVISIONAL)

Documentation
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http://eerscmap.usgs.gov/pwapp/

TDS Concentrations in H,0 Produced from Oil & Gas Wells

numWwells| COUNTY | meanTDS | meanFe | meancl Data for:
985 OSAGE 131478 59 80772 .
P e aa sosel PH, TDS, TSS, Ag, Al, As, Au, B, BO3, Ba, Be, Bi, Br
538 CREEK sost 7 s BrO,, CO,, CO,, HCO,, Ca, Cd, Ce, CIO,, ClO,, Cl, ClO,, CIO
507 OKLAHOMA 211358 161 129614
461 KAY 217863 145 134411 CO, Cr, CS, CU, F, FeTot, FE|||, FEH, FeS, FeAI, FeAI203, Ga...
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319 STEPHENS 121926 57 74978 . . .
300 LINCOLN 181306 36 111673 Permian [347]
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| |@Median to 75th%
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150 KINGFISHER 143350 149 88221 Mid Oxd 3o Dew [4210] I::-
148 PAWNEE 160483 33 98337 |
136 GRANT 231095 130 142478 AximrlefEs0d) | |:-
133 PAYNE 190767 81 118758 Malisple Und i [509)
131 CLEVELAND 198612 79 121555 |
111 GRADY 151809 19 93382l o o o Unspecified [2433]
= : : : : : ! . :
E 'E "E" 0 50,000 100,000 150,000 200,000 250,000
“ed Total Dissolved Solids (TDS) Concentration in ppm
A

water Slightly Saline Water Moderately Saline Water B Rl N E

0 500 1,000 3,000 10,000

Total Dissolved Solids (TDS) concentrations measured in units of mg/L or ppm (Murrav' 2016 —in prepa ration)



Comparison of Desalination Technologies

Reverse Osmosis (RO) < 45,000°¢

Membrane Distillation > 50,000
(MD)

Multi-Effect < 100,000¢
Distillation (MED)

Multi-Stage Flash < 100,000°
(MSF)

Mechanical Vapor < 200,000¢

Compression (MVC)

*Estimate based on industrial electricity cost:

5.92 cents/kWh10

Murray et al, in preparation

40-65°
65—958

20-35°

10-20°

402

4—64 0.04-0.06
20.5-66.7 0.19-0.63
14-21¢ 0.13-0.20
19-27¢ 0.18-0.25

10.4-13.6° 0.10-0.13
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Water Sourcing, Transfer, Treatment, and Disposal Costs in O&G

FW source I
FW transfer I Pipeline (Aluminum, Lay Flat Poly) versus Trucking

FW wellsite storage -

FW central storage

treat to clean brine .

Bag filters, Biocides, Iron Removal

treatto FW

—

SW transport Loc

-4

sal

SW disposal

0.00 5.00 10.00 15.00 20.00
Cost per barrel ($/bbl)

(from Kvle Murrayv presented on Sep 28, 2015 at Ground Water Protection Council meeting, Oklahoma Citv, OK)




Water Sourcing, Transfer, Treatment, Reuse, & Disposal Flowchart
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Multiple Stakeholders Must Cooperate/Collaborate

SWD Operators (aka Oil, Gas, H,0 Producers)
Mid-Stream Companies

End Users of Treated/Distilled H,O (aka Irrigated Agric., Water
Districts, or Water Flood Operators)

Produced H,0 Transfer Company (aka Service Companies)
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Targa Compressors and Engines, freshwater Irrigation by County
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Oklahoma Water Districts

| | uptosso
L] 351720
B 2 - 1365
B 366 -3.000
I 3001 - 524,600

Water District, with population served
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Sources: Esri, HERE, DeLorme, USGS, Intermap, increment P Corp., NRCAN, Esri Japan, METI, Esri China
(Hong Kong), Esri (Thailand), Mapmylndia, © OpenStreetMap contributors, and the GIS User Community
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Countless Stakeholders Will Benefit

* SWD Operators (aka Oil, Gas, H,0 Producers)

* Mid-Stream Companies

* End Users of Treated/Distilled H,O

* Produced H,0 Transfer Company (aka Service Companies)
 Drought-Prone Regions of Oklahoma

* Private Citizens & Public Health

* Oklahoma Economy
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Produced H,O by County 2009-2014, and by Zone 2009-2015

—

s
Cimarron / /

= A A

\

Beaver,

E County

Faults, OGS OF3-2015
H20 (MMbbl) 2009-2014

] 0.0-725

[ |726-2268
[ 226.9-485.0
B 485.1 - 788.1

B 78382 -1764.1

Prepared by:
Kyle E. Murray, PhD
OGS Hydrogeologist

0 12525 50
e ——
Miles

Ellis

Harper, /

Estimated H,0 Production by Zone and by Month

!

b,
Woodward 4
7

2 D apmy

Garfield a Wnee

o 7
l
\v Choctaw
@% Marshall s T N
-

/

Ottawa
Nowata Craig |

|
Washmgton /’ '

Osage

@mar"%

H,O Production (MMbbls)

=
o
o

il

250

i |

Jan-09 g+

Sep-13 -
Jan-14

M ay-14-_'$ -——
i

Multiple-Undifferentiated
B Other or Unspecified
B Permian
m Virgilian
B Missourian
Desmoinesian
® Atokan-Morrowan
B Mississippian
B Woodford
Dev to Mid Ord
» Arbuckle

B Basement

20

(Murrav, 2016 — in preparation)!




