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Devonian and Silurian Injection Reservoir and Confinement
Blackbuck Resources LLC — Olive Branch SWD Fed 1

e Upper Confining Zone:

o Woodford Shale — The Upper Devonian Woodford Shale Formation consists of black
shale with low porosity and permeability development. This formation acts as an
upper confining layer for the Devonian and Silurian injection reservoir (Broadhead
2005).

e Devonian/Silurian Injection Formations:

o Thirty-One Formation — The Thirty-One Formation is Lower Devonian in age and
consists of cherty limestone and dolomite that has undergone significant alteration
since deposition, primarily by means of carbonate dissolution, leading to karst zones.
It is a highly heterogeneous formation due to localized variations in porosity
development, which generally ranges from 5 to 25% (Hill 1996, Ruppel 2006).

o Wristen Formation — The Upper Silurian Wristen Formation consists of dolomite
with some shale zones, and varying amounts of karst zones (Hill 1996).

o Fusselman Formation — The Fusselman Formation is Lower Silurian in age and
consists of crystalline dolomite with a heavily eroded top surface. Paleokarst is
distributed throughout the formation, which adds to heterogeneity of porosity and
permeability development (Hill 1996, Ruppel 2006).

e Lower Confining Zone:
o Montoya and Simpson Group: The lower confining zone for the Devonian and
Silurian injection zone is the Montoya Group and the Simpson Group. The Montoya
Group is Upper Ordovician in age and is composed of calcareous dolomite with some
units of interbedded shales or limestones with chert and is dense, impermeable, and
non-porous (Hill 1996). The Middle Ordovician Simpson Group contains a series of
shales that has some limestones and sandstone units in it (Hill 1996).

References:

Broadhead, R.F. 2005. “Regional aspects of the Wristen petroleum system, southeastern New Mexico.” New
Mexico Bureau of Geology and Mineral Resources, Open-File Report No. 485.

Hill, Carol. 1996. “Geology of the Delaware Basin Guadalupe, Apache, and Glass Mountains, New Mexico and
Texas.” SEPM Permian Basin Section Publication No. 96-39.

Ruppel, Stephen C. 2006a. “The Fusselman of the Permian Basin: Patterns in Depositional and Diagenetic Facies
Development on a Stable Platform During the Late Ordovician - Early Silurian Icehouse.” Bureau of Economic
Geology.

Ruppel, Stephen C. 2006b. “The Lower Devonian Thirtyone Formation of the Permian Basin: Dominance of Deep-
Water, Siliceous Sedimentation.” Bureau of Economic Geology.
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Volumetric Fill-Up Analysis

Blackbuck Resource LLC — Olive Branch SWD Fed 1
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Assumptions & Methodology

* Formation Characteristics:
* Devonian/Silurian Injection Interval
* Homogenous with Isotropic Conditions
* Average Porosity: 8%

* Injection Interval Thickness: Injection interval thickness was derived as follows:

* Existing Deep SWDs: Injection interval thickness for the existing Deep SWDs and was pulled from OCD records.
*  Blackbuck’s Olive Branch SWD Fed #1: C-108 Application
* Pending Deep SWDs: Average injection interval thickness of Deep SWDs within 2 miles.

* Porous Injection Interval %: 20% of each SWD’s listed injection interval thickness.

* Injection Rates:

* Average Injection Rates:
*  Existing Deep SWDs: Calculated average daily injection rate over the lifetime of the SWD.
¢ Blackbuck Olive Branch SWD Fed #1: Data from C-108 (15,000 BWPD) Jﬂ«wﬁ
*  Solaris Predator Federal 17 SWD #1: Data from C-108 (25,000 BWPD) :
*  Other Pending Deep SWD Applications: 15,000 BWPD

* Maximum Injection Rates:
*  Existing Deep SWDs: Calculated maximum daily injection rate over the lifetime of the SWD.
*  Blackbuck Olive Branch SWD Fed #1: Data from C-108 (15,000 BWPD)
*  Solaris Predator Federal 17 SWD #1: Data from C-108 (25,000 BWPD)
*  Other Pending Deep SWD Applications: 15,000 BWPD

* Annual Injection Decline Rate: 5%

* Equation:
*R: is the radius of volumetric fill-up

*V: is the cumulative injected volume in barrels
*H: is the thickness of the injection zone in feet, 20% of zone accepting fluid
e p: is porosity and is set at 8%

R=(V*5.62H*1*p)1/2




20-Year Volumetric Fill-up Analysis
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30-Year Volumetric Fill-up Analysis
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Blackbuck Resources - Seismic Activity
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