Black Hills Gas Resources
-East Blanco Field
80-Acre Application
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Engineering 2

Increased well density in the PC project

area is technically justified

 Two vertical wells per 160-acre drainage

unit, or

Two horizontal wells per 320-acre
drainage unit.
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Engineering

RTA Analysis

Assumptions/Requirements

Hurst Van Everdingen (H-VE) idealized reservoir
Measured or calculated sand-face pressures and rates
Radial, fractured or horizontal well

Well petrophysics and fluid properties

Well diagram

Model computes normalized n..on_co:s:\ S\QE and Bmﬁm:m_ cm_m:om
time (Q/(qp))

Continuous well test without shutting the well in
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~ RTA Technique
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Idealized Recovery Factors

H-VE Reservoir
160-acre well spacing

Average PC properties
51 x 50 x 1 3-d model .

- Single phase reservoir -

Fractured well (in grids)

PC2 .

Parameter Units Value
h ft CLE
phi dim  0.115
kx  ma - 0.061
Ky  md 0.061

8 swe dim 05 T
Pinit  psia 1150

Tres ft 120

Rhog - dmi.  0.66

y 4 : dim 0.88

"~ OGIP © NMiMcf 1755
o Xfl2 - ft 250

Kf - omd 21
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Grid Permeability
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Ideal PC Recovery Efficiency Results

' RE very sensitive to EL

.l RE vs Economic Limit
RE not as sensitive to k 160-acre Picture Cliffs -
Time to EL is excessive W T [ ™

Ideal model results in 30 G N
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Picture Cliffs EUR VS OGIP

EUR from decline cunve analysis and OGIP from 160 acre wlumetrics
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Picture Cliffs RE VS OGIP
RE is EUR/OGIP per 160 acre drainage
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Cum Frequency Plot for RE
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Pictured Cliffs
Engineering Conclusions

80-acre well density is recommended in the project area to improve recovery
RTA analysis indicates most wells are draining less than 80 acres
Idealized model indicates high recovery within drainage volume
Complex reservoir behavior (layers, anisotropy and limited continuity)
Statistics on existing PC only completions supports 385525&55
 Half of the wells drain less than 30 acres
« 65 % have less than idealized 80-acre RE
* 5 % of wells have exceeded idealized 160-acre RE
 Additional tests (RFT and logs) are necessary to optimize PC recovery

Engineering

¢ Additional experience with horizontal wells required to optimize design and reduce cost
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Tertiary Expansion of Project Area

Geology | is complex

Engineering

Additional Engineering data required for proper 9&_5:5:.

~ Data collected and analyzed to date indicates increased well density

will result in incremental production.
Tertiary zones will be penetrated as we drill to PC.
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Engineering

Tertiary RPI evaluation
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