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Presentation Outline

« Overview of the Niobrara Formation

« Niobrara lithofacies classification

» Porosity measurement methods

« Shale matrix: a nanoscopic world

» Types of pores in shale matrix

* N2 pore size distribution vs. clay content

* N2 pore size distribution vs. toc content

* N2 porosity vs. specific surface area (SSA)

- Experimental study of nanoscale flow and phase behavior
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Overview of the Niobrara Formation

PIERRE SHALE | Typical
Depth

SUSSEX(TERRY) SS
PIERRE SHALE (

SHANNON ) ‘
(HYGIENE) SS [ 4800

PIERRE SHALE

) 4300’

NIOBRARA "A”
SR |
NIOBRARA “B”

SRy

NIOBRARA “C”

Niobrara Formation

SR)

FTHAYS LIMESTONE
CODELL SAND

CARLILE SHALE {
m——— | - GREENHORN LS )

ne‘rgy Information Administration Sonnenberg, 2011 GRANEROS SHALE\-_(
(EIA), 2015 D Sand

A\
J. SAND >
I SAND 7600

SKULL CREEK SHALé

DAKOTA SAND
Sonnenberg, 2011

! \ UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT
’ Advisory Board Meeting, May 5, 2017, Golden, Colorado



Niobrara Lithofacies Classification
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Porosity Measurement Methods

Porosity Measurement Techniques
« N2 gas adsorption; mercury intrusion capillary pressure (MICP)
« Porosity, pore type, pore size distribution (PSD), pore-throat size distribution (TSD)

« Pore geometry and fluid flow path

— Adsorption Isotherm
— Desorption Isotherm
N2

=== |ntrusion Curve
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Nanoscale Imaging Techniques g =nel
* Field emission scanning electron microscopy i
( F ES EM) ) : 'I?A:ﬁgg IS%r;face
« |dentify minerals
Core Sample
* Measures pores, pore geometry Under FESEM
Instrument
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Shale Matrix: A Nanoscopic World
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Types of Pores in Shale Matrix
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Types of Pores in Shale Matrix cont.
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N2 Pore Size Distribution vs. Clay Content
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dv/dlog(D) Pore Volume (cm3/g)

N2 Pore Size Distribution vs. TOC Content
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N2 Porosity vs.

Specific Surface Area (SSA)
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Laboratory Investigation of Nanoporous Flow
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SIMPLIFIED VIEW OF NANOFLUIDIC EXPERIMENTAL SETUP (NOT SCALED)
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Thank you

! y ’ UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT

Advisory Board Meeting, May 5, 2017, Golden, Colorado



