® PIPELINE

COVERING THE ENERGY INDUSTRY IN THE ROCKY MOUNTAIN REGION

DECEMBER | VOL 3 | ISSUE 16

Drilling companies continue to shave costs with
efficient well designs.
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TECH TALK

If an oil formation is fracked, how

will it drain? Ask a smart rock.

BY GARYBEERS = FOR ENERGY PIPELINE

Precise knowledge about predicted oil and gas
movement through rock pores will lead to more
efficient placement of fewer wells and effective
design of fracking. A concurrent benefit would
include reductions in environmental and local
societal impacts.

Advances in recent decades focused on moving
traditional core analysis into the digital age with
the application of computer-aided design (CAD)
to ¢

rate digital rocks. While this improvement
is significant, there persists a remaining layer

of scientific guessing between actual pore-scale
flow behavior and the engineer’s mathematical
modeling. The extent of guessing incr

as
predictions were expanded to describe flow
through adjacent, different reservoir rocks.

The ideal solution would be to have real-time
readings of changes in temperature, pressure and
chemicals as oil and gases move through the small
pores of reservoir rocks. While it is impractical to
install a network of sensors throughout reservoir
formations, it should possible to have above-
ground examples of formations with embedded
sensors and then introduce flows. One option
would be to embed sensors in core samples; the
other would be to replicate the core with built-in
sensors (i.e., create a smart rock).

3D PRINTED, SENSOR-PACKED
SMART ROCKS

A Scottish research team (Heriot-Watt University)

is 3D printing replicas of reservoir rocks ( 1 inch
diameter and true-to-scale) with small pores and
embedding micro-sensors (with tiny optic fibers)

as the layers are laid down. Currently, the selected
Sensors measure pressure, temperature, flow, pH,
and change in fluid/gas composition and are placed
where they will not interfere with porous areas

under investigation. Smart rocks are being created

to directly communicate real-time conditions at

the micro-pore level. Professor Maroto-Valer, team

leader, stated-
The problem is that rocks cannot talk to us.
Answer is simple: make own rocks that can talk.
By 3-D printing our own core samples we can
decide exactly what sort of rock we wish to study,
and implanted micro-sensors will be able 1o tell

us directly, in real —time, what is going on as gases

a d liquids pass through them. This fundamental
knowledge at such a tiny scale will feed hugely into
our understanding of such proc

ses at the large
scale and enable use to maximize the success of
industries from oil extraction to water safety and the
storage of captured CO2. (Heriot-Watt University,
News, May 25, 2016, Edinburgh, Scotland)
Information from the smart rocks will be input

to computer models to more accurately design
completions of horizontal shale wells or enhanced

recovery oil recovery wells

Their research continues on which materials
(i.e., plastic polymers, glass, metals) with other
materials (i.e., calcite) embedded will come the
closest to replicating real-world formations.

Incidently, the prestigious European Research
Council recently awarded $3.3 million, five-year
grant to support continuation of this promising
research.

3-D PRINTING IN THE
GEOSCIENCES

The above creative development of a smart rock

is based on adaptations of 3-D printing to the
geosciences (Making things geological: 3-D printing
in the geosciences, F. Hasiuk, Geological Society of
America Today, 24:8:28-29, August 2014). Physical

replicas of a rock’s micro-features can be scaled up

to sizes more casily explored and understood — as
opposed to understanding 3-D data on a computer
screen even in 3-D visualization. For example, the
structure of sandstone can be precisely replicated at
various up-scalings (Figure 1) to provide a fabricated
porous rock.
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Contact: Gary Beers
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RE/MAX COMMERCIAL

in Commercial
Real Estate

| specialize in helping people find, buy and sell
commercial properties in Northern Colorado.
“Your go to guy in the

(URICRONEDY  \ioorara & DJ Basin®

RE/MAX Alliance-Commercial Division
Jim Neufeld, Commercial Advisor
8th Ave, Suite A | Greeley
Direct: (970) 506-2941 Cell: (970) 381-8475
jneufeld@remax.net | www.jimn.commercialincolorado.com

The possible uses for aerial images
are only limited by your imagination!

Aerial thographyNideogréphy, Agricultural, Pipeline inspection, SPCC
inspections, Emergency response, Real Estate Listings, etc.
FAA Section 333 exemption- commercial drone

Chad Lambert 970-441-0625
clambert@rivalservices.net

Let Rival Services capture

those possibilities for you!

Making a copy of a natural rock is a simple process (Just like
the real thing. T. Smith, GEOExPro 12:5, 2015). The first step is
collecting a series of two-dimensional cross=sections of the rock
using computed tomography (CT) scans and then assembling these
into a 3-D digital rock mode. In the second step, the digital rock is
segmented into grains and pores. The last step is to 3-D print the
surface representing the boundary between the grains and pores.

A smart rock produced by the research team at Heriot-Watt

University would look like one of the printed versions (Figure 1) with

many optic fibers sticking out from the embedded sensors.. #

Secondary Containment Systems
for the Oil & Gas Industry

Containment Options

powder-coat paint (BLM colors) or
galvanized * wall height (12-68 in)  shape
(round, oblong, rectangular, round-corner
rectangular) * 12 or 10-ga steel « wall
bracing (Z-post or ZGD) * many liner
options * geotextile fabric options
crossover steps « load-line containment
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Paul Taucher P.G.
Owner/Principal Hydrogeologist

Containment Services Include

SP(C required & as-built capacity

# calculations (no charge) * Multiple options
designed and provided to ensure

% appropriate containment (no charge)

& Options for liner penetrations and

& dleanout sumps * Options for unique

~ containment requirements

Other Services

8 HydroGeology * Site Assessment * Uranium
Geology * WDEQ Voluntary Remediation
Program « Environmental Compliance
Project Management « Remediation
Permitting * Waste Management

307.721.8951 (office)
307.760.2662 (cell) * 307.721.8958 (fax)

taucher@wyo2U.com
EXPERIENCED INSTALLATION AVAILABLE

www.siouxsecondarycontainment.com



