Preliminary investigation of fracture transmissivity in unconventional shales as a function of CO, induced swelling
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Marcellus Shale
-> Qutcrop in Bedford, Pennsylvania
-> Well in Greene Co., Pennsylvania (~7800 ft)

Bakken Shale
-> Well in Billings Co. North Dakota (10,300 ft)
-> Well in Williams Co. North Dakota (~9,600 ft)

CT with NorthStar Inc. X5000

 Resolution:

* Image Software: Imagel [1], Northstar Inc.
Efx®, and llastik [2]

e Data Output: 16-bit Tiff

SEM column

s ) FIB-SEM with Helios 650 Ultra Resolution
backscaltered Wt W
electrons %08 TR ! , Dual Beam FEG
R * Impregnation with epoxy & Pd coated
* Backscatter electron (BSE) taken at 5 kV
o | e, S ~~* SEM performed at (9-18) kV
on beam LtRSsaas > ° Image Software: Avizo®

block face

Carbon totals X-Ray Diffraction with PANanalytical X’Pert Pro

* Total Carbon — Perkin ElImer 2400 Series Il e 45 kV, 40 mA with 1000s
CHNS/O Elemental Analyzer - % Weight « Compared to ICDD database
 Total Inorganic Carbon — Acid Digestion (% Weight) + Alcohol used to remove epoxy
* Total Organic Carbon = Total Carbon — Inorganic

Vertical Aperture (bv) Hydraulic Aperture (bl-l)

E et Determined via Q measurements
g * Application of Darcy Law

Convert to Binary* [llastik, Image)] Obtain vertical aperture statistics ) ) ) )
with Python [3] scripts  Application of simple cubic law [4]

£ Note: assumes single phase laminar flow
Generate aperture maps based on
vertical aperture

Simple method for approximating fracture geometry
*Loss of small scale heterogeneity
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/ F Bakken Shale Porosity Isolated Organic Porosity

X-Ray Diffraction & Total Carbon
Mineral phase | General Formula__ | Bakken1 |Bakken2| Marcellus _
Sio,

Quartz Major Major Major
lllite/Mica K(Al,Fe,Mg), ;AlSi;0,,(OH), Major Major Minor
K-feldspar KAISi;Oq4 Minor Minor  <Detection
Chlorite (Mg,Fe)-Al(AlSi;O,,)(OH), Minor Minor <Detection
Pyrite FeS, Trace Trace Trace
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Dolomite CaMg(CO;), Trace Trace Minor

Porosity 27

Calcite CaCO, Trace Trace Major
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B Test 1—Bakken Shale Flow Testing & CT Scanning
.~ % ° Showed promise in
ge e permeability reduction Test 2 — Bakken Shale
S e Temporal data are lacking * Simpler fracture geometry with two interconnected parallel fractures
and scan resolution is an * Significant decreases in transmissivity through the experiment; non-linear changes
issue * Volume decreases are measureable from CT data
Complex fracture geometry
& epoxy difficult to

differentiate from CO,
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Fig A: Orthoview of 3D scan of base-line fracture the shale core and orthoview with fracture in
3D (green). Fracture plane connected by perpendicular splay (red arrow).
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A) X/Y cross section showing fracture complexity, B) calculated
hydraulic apertures based on flow data, C) permeability calculated 100

from flow data showing temporal change. 80

Fig B: Each line %0
represents 11 unique
profiles drawn across
the aperture image
and the resulting
average aperture. A
gradual shift in
aperture correlates
with the changes in
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Fig E: Time series showing the middle
100 200 300 400 100 200 300 400

Reaction Time (hours) Reaction Tims {houre) X/Y slice of the fracture as CO,

Aperture Profile 0 Hours exposure progresses. A clear decrease

transmissivity. e Aperture Profile 24 hours . . fccivi J Fie D: Th r ol is th ver vertical .
i Eperie dEiE Aperture Profile 72 hours™ Fig C: Transmissivity and aperture volume (CT derived) g D: Ihe upper plot Is the average vertica in aperture can be seen from the CT

¢ the 72 h Aperture Profile 216 hours  plotted versus reaction time. The decrease in aperture derived from CT data and the scans. This is especially true within the
rom the our apenure brofle 2e0noU'  transmissivity corroborates well with the decrease in lower plotis the average hydraulic aperture i splay as it almost entirely

. : s Aperture Profile 380 hours : i
scan Is an c?utller z:]nd aperture volume. The large deviations observed within ~ derived from flow data. The magnitude of disappears during the scan.
HppEEl® W SEEr 2 4 6 8 10 12 the transmissivity data are a result of some non- difference is expected due to the inherent

RIS presenizd. Profile Number (parallel to flow direction) laminar flow rates inducing turbulence and variability. assumptions of plate based flow.
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