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MARCELLUS SHALE ENERGY AND
ENVIRONMENT LABORATORY
MSEEL

The objective of the Marcellus Shale Energy and Environment
Laboratory (MSEEL) is to provide a long-term collaborative field
site to develop and validate new knowledge and technology to
Improve recovery efficiency and minimize environmental
Implications of unconventional resource development
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MSEEL Site

* The understudy well is || Morgantown, WV
located in Morgantown West [ /

Industrial Park (MIP) site In Virginia/ -

the state of West Virginia
(USA). “M

= [tis a part of the Marcellus A
Shale Energy and 4
Environment Laboratory s Wi Lo
(MSEEL) research. —\ =/
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MSEEL Site
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MSEEL
Drilling MIPU 3H and 5H
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Estimated Ultimate Recovery

1401.000 West Virginia Gas Ultimate Recovery Profiles By Year Completed
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Estimated Ultimate Recovery
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Drilling Efficiency
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Increased Productivity Per Well

2011 ~30 days drilling
Total Completed Horizontal
MIP-4H — 3,782 Feet
MIP-6H — 2,342 Feet
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12 cubic feet of sand per foot
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Increased Productivity Per Well
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2011 ~30 days drilling

Total Completed Horizontal
MIP-4H — 3,782 Feet
MIP-6H — 2,342 Feet

Proppant 1,157 to 1,342 Ibs/ft.
12 cubic feet of sand per foot

2015 ~7 days drilling

Total Completed Horizontal
MIP-3H — 6,058 Feet
MIP-5H — 5,784 Feet




Production Volumes: MIP 3H, 5H, 4H, 6H
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Production Volumes: MIP 3H
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Flowback Volumes: MIP 3H & 5H
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Geosteering MIP-3H
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MSEEL
Completion MIPU 3H and 5H
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High
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Fractures
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MSEEL - LOGGING LATERAL

High Definition open hole logs in lateral with synthetic mud
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MSEEL - LOGGING LATERAL

High Definition open hole logs in lateral with synthetic mud
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1 2034567890112 1324|1516 (1718192 |20 |2 |28|284|25|26/20| 28
No of Faults 3 2|1 2|1
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Natural Fractures MIP-3H

Lateral Vertical Pilot
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Microseismic
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MSEEL - Microseismic

W, Thomas Wilson - WVU

v Department of Geology and Geography




SURFACE MONITORING OF SLOW SLIP (LPLD)

@ Proposed Monitor Sites
(Coordinates XY UTM NAD83 Zone 17N)
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SURFACE MONITORING OF SLOW SLIP (LPLD)

LPLD and injection parameters
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Fiber Optic Installation
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MSEEL - LOGGING LATERAL

High Definition open hole logs in lateral with synthetic mud
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Mapped Faults & Fractures

For MIP-3H the number of faults and fractures
encountered at each stage is reported as:
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No of Faults 3 2 1 2 1
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DTS Data
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MIP3H - Stage 6: Geometric Completion
Uneven Distribution
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MIP 3H - Stage 18 Even Distribution
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Microseismic, Injection Energy & Fractures
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Dominant Frequency Imaging Using DAS Data
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SURFACE MONITORING OF SLOW SLIP (LPLD)

Synopsis of slow-slip deformation
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Conclusions

» The Marcellus Shale is a complex unconventional reservoir
that does not respond in a straightforward manner during
large scale hydraulic fracture stimulation.

= Completion efficiency along the lateral is affected by
preexisting fractures oriented at an angle to existing
principal stresses and strongly influence hydraulic fracture
propagation. The results can be utilized as a guide to
optimize the hydraulic fracturing design parameters for
new wells.
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