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Current or Recently‐Concluded ProjectsCurrent or Recently Concluded Projects

Subsurface Brine Disposal Framework USSubsurface Brine Disposal Framework
Midwest Regional Carbon Sequestration
 llb i

Dept. of 
Energy /
Battelle 
Memorial 

Wellbore Integrity
Ethane Storage Hub (Benedum Foundation)

Laboratory

 Low‐Temp Geothermal
Data Preservation (USGS)Data Preservation  (USGS)
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RPSEA Brine Disposal

http://www.rpsea.org/media

Develops a geologic and operational framework for brine disposal inDevelops a geologic and operational framework for brine disposal in 
the Northern Appalachian basin
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RPSEA Brine Disposal

Class II UIC brine disposal wells with active permits (as of August 2013) classified by deepest injection formation.

Deepest Injection Formation KY OH PA WV Total

Pennsylvanian‐Mississippian (Big Injun, Weir, Maxton, etc.) 12 2 46 60
Upper Devonian (Berea, Dev. Shale, Bradford) 1 26 2 18 47
Middle Devonian (Onondaga, Huntersville) 4 5 9
Lower Devonian (Oriskany‐Helderberg‐Huntersville, Bass Is.) 9 3 4 16
Upper Silurian ( Lockport, Newburg, Corniferous) 9 60 2 71
Lower Silurian Clinton‐Medina 48 2 1 51
Undifferentiated Knox 5 6 11
Rose Run 1 7 8
Copper Ridge, Trempealeau 21 21
Mount Simon Basal sandstone 28 28Mount Simon, Basal sandstone 28 28
N/A 2 2

Total 30 211 7 76 324
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basinbasin

40 year projection
VE = 10x
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http://www.pioga.org/wp‐content/uploads/2015/08/Gupta‐Analysis‐of‐Brine‐in‐Appalachian‐Basin.pdf
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RPSEA Brine Disposal: 
lConclusions

• N. Appalachian Basin has 2.8 billion bbl brine disposal
capacity in existing depleted oil & gas fields (i.e. fields w/ 
existing Class II wells). 
– ~150 years of disposal, if annual injection rate = ~17.6 million barrelsy p , j

• Deep saline disposal capacity is estimated at 480 billion 
barrels

• Approximately 10 bbl brine were disposed per million cubic• Approximately 10 bbl brine were disposed per million cubic 
feet of gas produced

• Injection simulations suggests relatively small zone of 
i fl dj llinfluence adjacent to wells

• To download final report, visit:  
http://www.rpsea.org/files/4828/
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Midwest Regional Carbon Sequestration Partnership (CO2 EOR)

Location Map
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Midwest Regional Carbon 
h ( )Sequestration Partnership (MRCSP)

• Long‐running US DOE‐sponsored researchLong running, US DOE sponsored research 
program

• Recently expanded to include coastal plain statesRecently expanded to include coastal plain states 
(MD, DE, NJ) and enhanced recovery efforts = 
comprehensive regional characterization of CCUScomprehensive regional characterization of CCUS 
efforts & opportunities

• WVGES = ranking of oil fields suitable for CO2‐WVGES   ranking of oil fields suitable for CO2
EOR; assisting KGS with ranking of shales for CO2‐
EGR potentialp
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Point Source Types and Miscible/Immiscible Oil Fields
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Calculations
1.Storage Capacity = A*h*n*(1‐Sw)*p/2200*Ef

where A = field area (ft2), h = field thickness (ft), n = field porosity, Sw = connate water saturation, p = CO2 density (lb/ft3), 
2200 = conversion factor, Ef = storage efficiency factor

Ef Min = fraction of OOIP prod during primary & secondary recovery
Ef Mode = fraction of OOIP prod during primary & secondary recovery

+ “state of the art” CO2 EOR
Ef Max = fraction of OOIP prod during primary & secondary recovery

“ ” CO2 O

2. Minimum Miscibility Pressure (MMP) = 15.988*Temperature (0.744206 + 0.0011038 * MW C5+)

where MW C5+ = 4247.98641 * API (‐0.87022) . MW C5+ is the molecular weight of hydrocarbons containing at least 5 carbon atoms
in a single chain (pentane hexane etc ) and API is the API gravity of the oil

+ “next‐gen” CO2 EOR

in a single chain (pentane, hexane, etc.), and API is the API gravity of the oil

If Pi – MMP is a positive value, should be able to reach pressures high enough to attain miscibility
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Fields Data Attributes

%

****
** ** **

COLLECTED  *
CALCULATED  *
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If Pi‐MMP is a positive 
value, flood should ,
attain miscibility

but…
cannot calculate MMPcannot calculate MMP 

without API Oil 
Gravity

OIL FIELDS
MMP – Calculated Initial Pressure (Pi)

(Bens Run and Mannington not used in fitting)
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Remaining Oil 
in Placein Place

OIL FIELDS
Remaining Oil in Place
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Oil Gravity
Optimal Rangep g

13‐55

OIL FIELDS
Oil Gravity
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Oil Sat. x Porosity 
> 0.5

“often economic”

OIL FIELDS
Oil Saturation (So) X Porosity
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Permeability x Thickness

K x h < 10 ‐14 m 3 

( /f )(33.2427 md/ft) 
may not have 
economically y
viable flow rates

**permeability data
are extremely 
underrepresented in 
MRCSP dataset

OIL FIELDS
Permeability X Thickness
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(Excluding KY)

All MRCSP FIELDS
Mode Storage Capacity
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Wellbore Integrity
• Funded by the U.S. DOE/National Energy Technology Laboratory program on 

technologies to ensure permanent geologic carbon storage

• Sustained casing pressure buildup over time may be analyzed to determine 
cement permeability, location of leaks, and the nature of leakage processes

Huerta 2006Huerta, 2006

WVGES ill h t i th

http://www.netl.doe.gov/

WVGES will characterize the 
geologic framework of the Indian 
Creek field (Kanawha Co.)Appalachian Geological Society March 2016 



Tuscarora 
Isopach

Tuscarora 
Structure Appalachian Geological Society March 2016 



Ethane Pipeline Feasibility Study

• “6‐pack” bi‐directional pipeline from western6 pack  bi directional pipeline from western 
PA to eastern KY; proposed route runs along 
Ohio RiverOhio River

• Potential location of hub for ethane storage 
3 b d i S l i Ph i l• 3 broad options:  Solution caverns, Physical 
mining of Greenbrier LS, Depleted gas 

ireservoirs
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??

Salina F4 Big Lime
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PPG Industries 
Natrium WVNatrium, WV

Salt Cavern Maps 
and Analyses

4” diameter core; 
chemical analyses y
and maps from 
UIC permit 
applicationsAppalachian Geological Society March 2016 
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Wynn, 2003

Storage Option 2:  Physical 
Mining of Greenbrier Limestone
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Wynn, 2003

Wynn, 2003
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Option 3: Depleted Gas Fields

Gas Fields
Reservoir Lithology
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Low‐temperature Geothermal
• Cornell University/WVU/Southern Methodist University
• Low‐temperature applications in the Appalachian Basin

District heating, greenhouses, livestock, laundries, etc.District heating, greenhouses, livestock, laundries, etc.
• Phase 1:  Risk Assessment (Complete)
• Potential Targets in WV:  Tuscarora Sandstone (northern WV)

and others??and others??

****Currently seeking non‐producing wells slated to be plugged (to measure equilibrated BHTs) ****
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Low‐temperature Geothermal 
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Geothermal Anomalies and 
Strategic/Rare Earth ElementsStrategic/Rare‐Earth Elements 
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Depth to Saline Water‐‐DigitizedDepth to Saline Water

50 ft. 
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USGS Data Preservation
• Implements bar code technology 

to systematically archive and 
t l WVGES ll tti dcatalog WVGES well cuttings and 

core samples

f d l• Box information and location are 
linked to the existing Oil and Gas 
database

• Sample analyses and results will 
be linked to wells at the box level

• New boxes for Sandhill well

Appalachian Geological Society March 2016 



Existing WVGES sample repository is at capacity; 
new storage facility is being prepared 
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Recent Acquisitions via WVGES 
l lSampling Policy

• Rogersville Shale XRD and RockEval (Wayne, Jackson, Calhoun g ( y , ,
counties)

• Big Injun porosity and permeability (Roane and Clay counties)

Coming Soon
• Berea to Sunbury porosity/perm/shale TOC• Berea to Sunbury porosity/perm/shale TOC
• Utica maturity  (Marion and Preston counties)
• Utica XRF + (Wood County)Utica XRF + (Wood County) 

Special thanks to Cabot Oil and Gas for new boxes for RTC cores!
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Thank You!Thank You!

• Oil and Gas Program Staff: Philip DintermanOil and Gas Program Staff:  Philip Dinterman, 
Eric Lewis, Gary Daft, Pat Johns

• IT Program Staff: Mary Behling Susan Pool• IT Program Staff: Mary Behling, Susan Pool, 
John Saucer, John Bocan, Samantha McCreery, 
Matthew Seese Steve MunroMatthew Seese, Steve Munro

Special Assists from Drs. Hohn and McDowell
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