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ARMA 2018:
52 US Rock Mechanics/Geomechanics Symposium

Technical Program Committee: Richard Schultz (chair)
Organizing Committee: Bill Dershowitz (co-chair), Conrad Felice (co-chair)

Welcome

you to ARMA 2018, the 52" US Rock Mechanics/Geomechanics Sym-

posium. The Technical Program Committee and Organizing Committee
of ARMA 2018 are delighted to present an outstanding program of technical
papers, keynotes, short courses, and social activities.

Seattle and the Pacific Northwest rock mechanics community welcome

Although our program hotel sits on over 2 km of glacial till, there are many
exciting rock mechanics features in the Pacific Northwest, including active
volcanoes, numerous seismically active faults, critical rock slopes, and old
mine workings, all within a few hours from downtown Seattle. Beyond the
interests of Rock Mechanics, the Seattle area is famous for Pike Place Mar-
ket, local seafood, ferry’s crisscrossing Puget Sound, and beautiful parks and
forests. We particularly recommend the Kubota Japanese Gardens, which
are not far from SeaTac Airport, and the Water Tower climb in Volunteer
Park, which is just a few miles from downtown.

We hope that you will have a stimulating, educational, and enjoyable time
at ARMA 2018, and that you will take the opportunity to experience every-
thing that our beautiful Pacific Northwest has to offer.

The symposium organization acknowledges the authors, reviewers, and
participants of ARMA 2018 for their efforts to make a successful, enjoyable,
quality technical conference.

Our thanks go to the members of the Technical Program Committee and the
Organizing Committee for their volunteer support. We also would like to
acknowledge the generous contributions of our sponsors, exhibitors and

our sponsor, the American Rock Mechanics Association (ARMA).

Richard Schultz, Bill Dershowitz, Conrad Felice,
Orion Geomechanics GeofFractal, LLC. CW Felice, LLC
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General Information

Registration and Speaker Ready Room

Registration (pre-registration pickup and online registration) is open
during the following hours:

Sunday, 17 June, 7:30 am - 9:00 pm
Monday, 18 June, 7:00 am -6:45 pm
Tuesday, 19 June, 7:00 am - 6:30 pm
Wednesday, 20 June, 7:00 am - 2:00 pm

The speaker ready room is located in the registration area. A laptop
and projector will be available

Technical Tours
There are two technical tours offered:

* Friday, 15 June, 9:00 am - 6:00 pm - (1) Snoqualmie Powerhouse
and 1-90 Rock Slope Stability

* Saturday, 16 June, 9:00 am - 6:00 pm, (2) Whidbey Island Land
slides, Lahara, Tsunamis, and Earthquakes

Short Courses
Two short courses are offered:

* Sunday, 17 June, 8:30 am — 4:30 pm. (1) Microstructural Modeling
of Rock Fracture: Bonded —Particle Modeling with PFC and
Bonded-Block Modeling with 3DEC

* Sunday, 17 June, 8:30 am -4:30 pm. (2) 2D and 3D Modeling of
Rock Fracturing Processes in Geomechanics

Workshop
There is one workshop offered:

* Sunday, 17 June, 8:00 am - 5:00 pm. Characterizing Induced
Seismogenic Potential

Author’s Breakfast

Please bring the appropriate ticket.

52nd ARMA Symposium % 5



Podium speakers and session chairs are required to attend the speak-
er's breakfast on the day of the speaker’s presentation, beginning

at 7:00 am. Poster presenters are invited to attend the breakfast on
the day of their presentation. Prior to breakfast, podium speakers
should load their presentations via a portable USB storage device

to the session laptop. In addition to uploading the presentation,
podium speakers will be able to meet with session chair(s). Tables
will be identified by session number. Speakers should bring 1 or

2 biographical sentences, so that the session chair can prepare an
introduction.

Exhibit Hall

Sunday, 17 June, 2:00 - 5:00 pm Exhibits setup/Posters mounted on
display boards— All posters will be displayed for the duration of the
Symposium.

Sunday, 17 June, 7:15-8:30 pm Opening reception and Exhibits

Monday, 18 June, 8:30 am — 4:30 pm Exhibits open (Coffee breaks,
9:30-10:00 am, 3:30 -4:30 pm)

Tuesday, 19 June, 8:30 am -4:30 pm Exhibits open (Coffee breaks,
9:30 -10:00 am, 3:30 - 4:30 pm)

Wednesday, 20 June, 8:30 am - 4:30 pm Exhibits open.
Special Activities

There are two special activities offered:

Monday, 18 June, 9:30 am -12:30 pm —Seattle Sights Bus Tour

Tuesday, 19 June, 10:30 am — 1:30 pm — Guided Food and Historic
Walking Tour of Pike Place Market

Other Scheduled Meetings
Sunday, 17 June, 9:00 am — 4:00 pm: ARMA Board of Directors Meeting

Monday, 18 June, 12:30 — 1:30 pm: ARMA Publications Committee
(lunch)

Monday, 18 June, 7:00 — 9:00 pm: ARMA Fellows Dinner
Tuesday, 19 June, 12:30 — 2:00 pm: ARMA Future Leaders (lunch)

Wednesday, 20 June, 12:30 — 2:00 pm: Seattle/2018 and New
York/2019 Symposia Organizing Committees (lunch)
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Sponsors

The 52nd U.S. Rock Mechanics/Geomechanics Symposium is pleased
to acknowledge the following corporate sponsors.
To all our sponsors, our sincere thanks.

e

GOLDER

Golder Associates Inc. (Platinum Sponsor)

Across the globe, companies and governments are creating the world
of tomorrow. They are building vital infrastructure, developing proj-
ects, restoring landscapes and renewing their economies with sus-
tainability in mind.

Golder is an employee-owned, global organization providing consult-
ing, design, and construction services in our specialist areas of earth,
environment, and energy through technical excellence, innovative
solutions and award winning client service. Today, our clients repre-
sent the world’s major industries and drivers of development: Oil and
Gas, Mining, Manufacturing, Power, and Infrastructure.

Employee owned since being founded in 1960, our more than 6,500
people operating from 165 offices worldwide deliver deep technical
understanding, cross-disciplinary thinking and a passion to help our
clients succeed.

Golder is recognized as one of the world leaders in rock slope engi-
neering within the civil and mining engineering communities. Our
experience covers all phases of a project from initial risk assessment,
concept development, and detailed design through to construction.
Our major rock engineering clients include oil and gas, radioactive
waste management, mining, infrastructure companies, and govern-
ment agencies. Our experience and reputation has allowed us to
work on some of the most technically challenging projects in the
world, including mountainous regions and volcanic islands.
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MTS Systems Corporation (Platinum Sponsor)

The U.S. Rock Mechanics/Geomechanics Symposium presents an
exceptional opportunity to discover the full extent of MTS testing
technology and expertise. Integrating high-performance MTS ser-
vohydraulic technologies, durable test accessories, versatile digital
controllers and fully-featured test application software, MTS solu-
tions deliver years of reliable geomaterials testing in all types of lab
environments. MTS testing solutions can be configured to accommo-
date a wide range of tests, enabling standardization of test proce-
dures worldwide on the same types of equipment and with the same
test methods.

MTS standard geomaterials testing systems include the high-capac-
ity Model 815 Rock Mechanics Test System and the compact lower
capacity Model 816 Rock Mechanics Test System. Both systems inte-
grate high response MTS servohydraulics, controls, test application
software, and a host of accessory options to accurately determine
the characteristics of a variety of rock specimens.

MTS also designs new industry-leading solutions. Working in con-
junction with Norwegian independent research organization, SINTEF,
MTS completed the design and construction of a large-scale polyaxial
rock testing system that can emulate the complex, high-pressure envi-
ronments found “"down-hole” in oil wells. This system will be of great
value in ensuring supply continuity and wellbore integrity as drilling
goes to even greater depths. The new test system replicates the stress
profiles present in different rock formations, as well as simulates fluid
flow patterns and other factors that impact well integrity.

Due to innovations such as the polyaxial rock testing system, re-
searchers worldwide turn to MTS for the technology and expertise
they need to accurately and efficiently determine the physical char-
acteristics of rock and concrete materials, components and struc-
tures for research for wide range of industrial and commercial appli-
cations. We invite you to discover how MTS technology and decades
of testing expertise can work to improve your testing processes and
enhance overall lab productivity.
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schiumbergenr

Schlumberger (Platinum Sponsor)

The exploration and discovery sector (E&P) of the petroleum indus-
try is digitally evolving, but the basis for comprehensive character-
ization to understand your reservoir is still physical investigation.
Schlumberger not only designs and manufactures reliable, innova-
tive analytical equipment for the industry but also provides routine
and customized testing services across the life of the well to opti-
mize production.

Schlumberger Reservoir Laboratories provide comprehensive rock
and fluid analysis. Our complete range of services integrates ad-
vanced technologies, petrotechnical expertise, and a state-of-the-art
equipment portfolio to efficiently deliver accurate, precise results
for making timely informed decisions. Whether you need to find

the most profitable zones, ensure completion quality, or understand
phase behavior under simulated or real operating conditions, the
physical and digital analysis services we provide across our global
reservoir laboratory network help you leverage the dynamic proper-
ties of your reservoir to mitigate risk and maximize production.

For geomechanics measurements and special core analysis, Schlum-
berger manufactures industry-leading analytical equipment to mea-
sure the rock properties necessary for understanding reservoirs—
whether conventional or unconventional shale. The same specialized
apparatus we use in our laboratories is also available for customer
purchase, including triaxial and polyaxial load frames, TerraTek*
scratch index (TSI), isotherm, gamma logger, desorption, goniometer
fracture measurement, pressure and pulse decay, 1,300-degF-rated
retort oven, continuous flow, porosity-permeability, and core flood
systems. We also customize rock geomechanics equipment such as
the load frames systems as per customer requirements.

The Schlumberger Productivity Enhancement Research Facility
(PERF) is the most technologically advanced perforating system
laboratory in the industry. PERF's capabilities for testing the perfor-
mance and dynamics of explosive charges and entire perforating gun
systems are unparalleled in the industry. The PERF laboratory has
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several pressure vessels for Section Il and IV testing and the indus-
try’s largest polyaxial stress frame for quantifying the response of
saturated large-scale rock samples subjected to perforation shock,
dynamic underbalance, perforation cleanup, perforation flow effi-
ciency, sand production, acidizing, and hydraulic and dynamic frac-
turing.

Other Sponsors

Agapito Associates, Inc.

Mining & Civil Engincers & Geologists

Agapito Associates, Inc., Sponsor of the 19 June Awards Banquet

| rocscience

Rocscience, Sponsor of the Registration Badge Lanyards

#ITASCH“

Itasca International, Inc., Sponsor of the Symposium Delegate Bags
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Exhibitors

FLOXLAB

Floxlab is an engineering firm specialized in the design and man-
ufacture of an ample range of products encompassing advanced
geotechnical testing equipment, high precision syringe pumps and
compression frames. Our philosophy is continuous improvement
through constant market demand monitoring, higher quality mate-
rial prospection, and meticulous customer feedback collection and
analyses.

FracTech Laboratories K

FracTech Laboratories

FracTech Laboratories is a 25 year established provider of world
class Geomechanics and Hydraulic Fracturing testing solutions to
the international oil and gas industries. FracTech Laboratories op-
erates out of a purpose built high technology facility in London, UK.
FracTech Engineering manufactures and installs testing equipment
globally.

NGCTS

TESTING SYSTEMS

GCTS Testing Systems

GCTS Testing Systems provides complete testing solutions for the
advanced material characterization of rocks, soils, and pavements.
Since 1994, we have designed and manufactured a complete line of
pneumatic and hydraulic testing equipment to meet all of our cus-
tomer’s needs.
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www.gdsinstruments.com

GDS Instruments

GDS Instruments designs, develops and manufactures materials
testing machines and software used for the computer-controlled
testing of soils and rocks. This technology is used to evaluate the
mechanical properties that are key in geotechnical and earthquake
engineering design.

JZ\N

GEOMECHANICA

Geomechanica Inc.

Geomechanica develops innovative geomechanical simulation soft-
ware (Irazu), provides simulation-aided consulting services for rock
engineering applications, and offers rock mechanics laboratory test-
ing services. Irazu is a general-purpose simulation package to model
deformation and fracturing of geomaterials in petroleum, mining and
civil engineering applications.

) GEOSLOPE

GeoSlope International Ltd.

Since 1977, GEOSLOPE International Ltd. has developed, marketed
and supported the most popular geotechnical modelling software
worldwide. Our geo-engineering software is used in over 150 coun-
tries for the last 40 years.

e

GOLDER

Golder Associates Inc.

Golder is a global, employee-owned organization providing indepen-
dent consulting, design, and construction services in our specialist
areas of earth, environment, and energy.
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IDS

GeoRadar

NORTH AMERICA A

IDS GeoRadar

IDS GeoRadar is a world leading developer of slope monitoring
radars designed for real-time evaluation and characterization of
slopes and structures. Based on microwave interferometry, submilli-
meter displacement can be measured up to four kilometers distance
to identify areas of risk and hazard. What can be measured can be
managed with IDS GeoRadar.

ITASCA"

Itasca Consulting Group, Inc.

Since 1981 Itasca has provided engineering consulting services, de-
veloped simulation software, and conducted research in geomechan-
ics, hydrogeology, and microseismics. With 16 offices worldwide, our
consultants solve complex problems for the mining, civil, environ-
mental, energy, and materials industries. Itasca’s software is among
the most widely used and respected analyses tools available.

MetaRock Laboratories, Inc.

A unique, diversely skilled company, MetaRock Laboratories pro-
vides a range of consulting services in areas of Rock Mechanics

and Core Analysis, Custom Software Development and Automation,
Automated Integration Solutions, Testing Systems and Services. Our
custom-designed products service a high-value segment in the Oil
& Gas, Mining, Geotechnical & Medical Industry. Our commitment to
staying ahead of the technology and innovation curve, and meeting
clients’ needs has allowed us to extend our portfolio to a wide array
of technology and automation solutions.

L]
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MTS
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MTS Systems Corporation

MTS delivers a full range of high-performance hardware, software,
and accessories to meet challenging rock testing requirements. Find
rock mechanics test systems for today's critical applications like
ultrasonic velocity, fracture toughness and polyaxial testing.

| rocscience

Rocscience Inc.

Rocscience is a world leader in developing 2D & 3D software for
civil, mining, and geotechnical engineers. For over 20 years, we've
used leading-edge research to build geotechnical tools used by over
7.000 engineers around the world for slope stability, excavation
design, and geotechnical analysis.

Sandia
National
Laboratories

Sandia National Laboratories

Sandia National Laboratories is a multimission laboratory operated
by National Technology and Engineering Solutions of Sandia LLC, a
wholly owned subsidiary of Honeywell International Inc., for the U.S.
Department of Energy’s National Nuclear Security Administration.
Sandia Labs has major research and development responsibilities

in nuclear deterrence, global security, defense, energy technologies
and economic competitiveness, with main facilities in Albuquerque,
New Mexico, and Livermore, California.
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Schiumberger

Schlumberger

Schlumberger is the world’s leading provider of technology for res-
ervoir characterization, drilling, production, and processing to the oil
and gas industry. Working in more than 85 countries and employing
approximately 100,000 people who represent over 140 national-
ities, Schlumberger supplies the industry’s most comprehensive
range of products and services, from exploration through production
and integrated pore-to-pipeline solutions for hydrocarbon recovery
that optimize reservoir performance.

\S
D

TRE
ALTAMIRA

A CLS Group Company

TRE ALTAMIRA Inc.

TRE Altamira is a globally recognized leader in InSAR data interpreta-
tion. Using the proprietary SqueeSAR™ algorithm, ground deforma-
tion is measured to millimetric accuracy; without the need to install
Artificial Corner Reflectors. Working closely with clients, TRE designs
ongoing and historic deformation monitoring programs.
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Keynote Presentations

Tenth Annual MTS Lecture
Sunday, 17 June, 6:15 pm-7:15 pm

Reliability-based hazard analysis and risk assessment for
rock slopes

H. Sebnam Duzgun, Professor and Fred Banfield Distinguished En-
dowed Chair in Mining Engineering, Colorado School of Mines

Ouantiﬁcation of risks due to failure of natural and engineered

Z rock slopes is essential for supporting objective decision-making
in rock engineering. Although risk assessment is well-developed in
structural engineering, its adoption in rock engineering still involves
various challenges. These challenges involve modeling and quantifi-
cation of uncertainties, implementation of analytical and numerical
approaches in probabilistic modeling frameworks for hazard assess-
ment, prediction of losses in relation to potential instability, and
evaluation of the assessed risk in terms of established acceptability/
tolerability criteria. Such challenges also impact the development of
engineering standards and, hence, engineering practice.

This talk will provide an overview of probabilistic approaches for
rock slope stability analysis with emphasis on the first-order reli-
ability method (FORM) in hazard assessment. Various case study
examples will be discussed for the adoption of FROM in numerical
and analytical frameworks. The methods for quantification of uncer-
tainties will be explained. Then, quantitative prediction of losses due
to rock slope instabilities and associated risk assessment approaches
will be outlined considering acceptability and tolerability criteria.
Demonstration of implications related to the risk assessment con-
cepts will be performed by using case studies from large natural
slopes. Finally, the talk will highlight future research directions and
necessary standardization and adaptation strategies in rock engi-
neering practice.
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Keynote Address
Monday, 18 June, 10:00 am - 10:50 am

Rock Mechanics Aspects of the John Hart Generating
Replacement Project
Tony Dell, Engineering Specialist-Geotechnical, SNC Lavalin

the design and construction of the John Hart Generating Station

Replacement Project. The project provides for the replacement
of the furthest downstream station in the Strathcona-Ladore-John
Hart cascading hydroelectric development on the Campbell River
on Vancouver Island in British Columbia. The John Hart facility has
been in operation since 1947 and is being replaced for a number of
reasons, including age related deterioration. The current project will
provide an underground power house and gate chamber with head-
race and tailrace tunnels, service tunnels and construction adits, and
two shafts -- one as the inlet to the headrace tunnel and the other to
cater for the upstream surge.

This presentation will discuss several rock mechanics aspects of

The rock mechanics issues discussed will include:
* The investigations carried out prior to and during construction;

* The geological and rock mechanics properties of the intact rock and
rock mass;

* The analysis and design of the coffer dam behind the existing con-
crete dam using 900 mm dia. pipe piles socketed into the rock;

* The stress/strain analyses for the tunnel under the existing concrete
dam. This includes the provision of temporary support to cater for the
1:2,500 AEF earthquake and permanent support for the 1:10,000 AEF
earthquake of the combined dam block, intake and tunnel system;

* The limit equilibrium and stress analyses for design of the shot-
crete and rockbolt support for the 93 m long, 23 m wide and 40 m
deep underground power house;

* The 3D stress analyses of the interaction between the tunnel, the
powerhouse and the gate chamber. This includes the seepage anal-
yses and the calculation of hydraulic fracture, which decided the
location of the powerhouse and the distance of the power tunnel

from the powerhouse; _
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* The seepage analyses for the pressurized power tunnel that passes
under a 40 high earthfill dam to ensure that the increased seepage
pressures do not affect the stability of the existing earthfill dam;

* Discussion of several of the construction activities; and

* The investigation of an alternative route for the main access adit
after a buried channel, containing sand and gravel was encountered
during construction. This will include a discussion of the rock stress-
es in the narrow rock pillar between the access tunnel and the gate
chamber.

Early Career Keynote Address
Monday, 18 June, 1:30 pm - 2:00 pm

Hydraulic Fracturing in Naturally Fractured Reservoirs:
Aspects from Multi-Scale Numerical Modeling

Fengshou (Frank) Zhang, Department of Geotechnical Engineering,
Tongji University

aturally fractured reservoir rock in-situ is one of the most
N complex geomaterials. Uncertainties such as material inho-

mogeneity and discontinuities at various length scales make
the propagation of hydraulic fracture in such a medium “enigmatic”.
Advanced numerical modeling provides a powerful tool to analyze
the complex fracturing process, assess the extent of various uncer-
tainties and provide advice to practical fracturing designs. This talk
aims to give a comprehensive review of multi-scale numerical mod-
eling of hydraulic fracturing in naturally fractured reservoir based
on distinct element method, particle flow codes, lattice method and
finite difference method. Some key aspects of unconventional hy-
draulic fracturing, such as near wellbore fracture initiation, hydraulic
fracture/natural fracture interaction, complex fracturing and micro-
seismic geomechanics, refracturing and in-fill well fracturing, injec-
tion induced seismicity and fault activation, and hydraulic fracturing
in unconsolidated rocks will be covered and discussed.
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Second ARMA Distinguished Lecture
Tuesday, 19 June, 10:00 am - 10:50 am

Rock Engineering —Where is the Laboratory?
Charles Fairhurst, Professor Emeritus, University of Minnesota;
Co-Founder, Itasca Consulting Group; and ARMA Fellow

he International Society for Rock Mechanics (ISRM) was estab-
Tlished by Dr Leopold Miiller in 1962 to emphasize that rock

mechanics was distinct from soil mechanics. Soil could be con-
sidered as a plastic continuum -- its isotropic constitutive behavior
could be determined in classical ‘bench scale’ laboratory tests.

Although not stated explicitly, the term ‘rock’, as used by Dr. Miiller,
referred to rock in situ on a scale large enough to include major
discontinuities, usually aligned in several sets of orientations. Such
large scale features are a primary factor in rock engineering. Their
constitutive behavior cannot be determined in a classical laboratory.
This concern for engineering was underlined by the recent decision
of ISRM to change its name to the International Society for Rock Me-
chanics and Rock Engineering, although retaining the acronym ISRM .

Rock Mechanics/Engineering is a central component of sub-surface
Earth Resources Engineering, relevant to issues of major national
and global importance -- with relevance also to extra-terrestrial
developments. How can the influence of large scale discontinuities
be addressed in rock engineering? The presentation will examine
several options that have been used, and will offer suggestions. The
lecture will conclude with recommendations concerning future de-
velopment of engineering—scale Rock Mechanics.
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Keynote Address
Wednesday, 20 June, 10:00 am - 10:50 am

The Making of a Hydraulic Fracture Swarm

Andrew Bunger, Assistant Professor, Department of Civil and Environ-
mental Engineering, University of Pittsburgh

his talk will tell of a pursuit to identify the ingredients required
Tfor swarming behavior to occur in systems of hydraulic frac-

tures. It will show that key missing elements have included: 1)
a basic understanding of the attractive force in these systems -- that
is, why fluid-driven cracks would have any mechanical impetus to
grow near one another in the first place, and 2) a model capable of
predicting conditions in which subsequent hydraulic fractures can
initiate even when fluid pressure is limited by flow in previously-ini-
tiated hydraulic fractures.

A combination of theory, laboratory experiments, and numerical
simulation shows that the ability to initiate and sustain propagation
of multiple hydraulic fractures stems from the dependence of these
key ingredients on geometry, the relative importance of viscous
energy dissipation in the context of the energy balance of the sys-
tem, and time-dependent failure of rocks rooted in subcritical crack
growth. Finally, looking to the future, the talk will discuss how this
research provides a story of both success and caution, emphasizing
the need to hold reductionism and complexity in tension with one
another as we seek models that are more representative of observed
reality while pursuing this goal in systematic manner that allows us
understand what is driving the behavior generated by the models we
are developing.
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Monday Technical Sessions
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Monday Technical Poster Presentations ® 3:30-4:30 pm

Poster Session MAL

Poster Session MB1

Poster Session MC1

Poster Session MD1

Heavy Oil, 02 and CBM

New

in Mining

Lab and Field Testing

Unconventionals

Session Chair(s): Neal Nagel

Session Chairs): Brent Slaker, Mark van Dyke.

Session Chair(s): Kathryn Dehn

Session Chair(s): Vahid Mostafavi

the CO2 Injection

Jatered granite: a case study of the Fengliushan polymetallic
|depositin Gejiu mineral district, China

neutron scattering and its implication on moisture induced
strength reduction

12 LTan 145 W. Handspiker /628 Y. Chugh 134 X Wang

Coalbed Methane Development in Liulin Block, Ordos Basin: A ~[Preliminary development of tificial rock joints dent Field f o ng water invasion g hydrophilic

study on the Complexity of Fracture Morphology in High-rank Deformations at Coal Mine Intersections jsulfonated silica nanoparticles

Coal Rock Fracturing

252 X. shen 246 G. Manekar 15 € Isleyen 273 H. songeai

Coupled Transient Modelwith  |c of valuable mineral Evaluation of 3D printing utilzation in obtaining discontinuity  [Experimental study of the effect of liquid nitrogen on
Hydraulic C Heavy Oil ‘ground manganese mine of  [roughness profiles Iphysical/mechanical properties of shale

Formation under Steam Injection MOIL Limited, India

488 Q. wang 865 L. Brown 39 A Corkum 446 X. Fan

N I Simulati Terrestrial Heavy Seismicity in Canada: A 2017 Update Evaluation of 3D printing utilization in obtaining discontinuity  [Brittleness Evaluation of the Inter-salt Shale Oil Reservoir in

0l Reservoirs Considering the Influence of Mudstone Stringers roughness profiles lianghan Basin in China

609 P. Cerasi l978 2. cheng 1227 N. Zhang 869 M. Vishkai

Simple simulation of fracturing as a result of CO2 mineral evolution of mining: fields in_ |Triaxial compression test of the mudstone interlayers in

dissolution and precipitation 2 gas burst-prone coal seams. bedded rock salt [formation, Montney, Alberta

641 5. Wang 1002 1.4 318 G.Sang 692 K.Liu

Properties Evaluation of the Middle Bakken Formation Due to [An investigation of rock Nano-pore mine shales by small angle (Characterizing the creep behavior of shale in nanoscale

942 7. Chang

Experimental investigation on hydraulic fracture initiation and
propagation for vertical well fracturing in coal-bearing
multilayers

1069 A Adoko

|A Bayesian Approach for Predicting Rockburst

338 ). Heo

Developing and Application of Laboratory-Scale Convergence
Measuring Device in Monitoring Borehole Stabilty

1020 0. Adekunle
Influence of Osmotic Behavior on Geomechanical Property
|Alteration in Shales from Stress and Fluid Salinity Induced
Structural Changes

1023 .U

Effects of CO2 injection on elastic properties of Carbonate.
Rocks-—-A laboratory case study of Middle Bakken rocks

1166 Y. zhang

1447 2. Chaojie

properties for low to high rank

lcoal

1024 D. Cannon

well

Lab and analysis of coal failure
under different drilling luids effects

Reactivation of i d
lcompletions, Midland Basin, Texas

972 . Zhang

Geomechanical properties change in carbonate rock during
carbon geosequestration

325 H.Kang

|Application of hydraulic fracturing to distress abutment
pressures in longwall coal mining practice- a case study

la61 N. Gupta

|Analysis of Crack Propagation in Shale Using Microscopic
imaging Techniques

1121 ). Xu

|A Fully Coupled Thermo-Hydro-Mechanical Model for
[simulating Cyclic Steam Stimulation of Heavy Oil Reservoir

526 K. Kaklis

|A multi-stage triaxial test for cemented paste backfill

530 H.zhai

A validation of current rock mass property determination
methods for coal measure rocks

551 H.Yang

Experimental investigation on the stress relaxation behavior
linduced by subcritical crack growth of granite

713 F.Gao

Experiment study on strain softening behavior after post-peak
of rock

1072 Y. Chen

|A new experimental method for investigating the coupled shear|
flow behavior of rough jointed rock samples

1278 P. Garg

Investigation of the failure mode of intact rock in biaxial and
triaxial compression tests

786 Y. Yang
(Gas sorption and diffusion characteristics of tectonically
|deformed coals and their implications on gas drainage and
loutburst control
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Monday Technical Poster Presentations ® 3:30-4:30 pm

Poster Session MAZ Poster Session MB2 Poster Session MC2 Poster Session MD2
Sanding and Injection Geomechanics Reservoir Geomechanics
Session Chair(s): Richard Schultz Session Chair(s): James Otoo 3
336 C.va 143 M. Tran 16 2.xie 991 5. Maxwell
Development of a New Pre. Effect of C Transportof a [ The build-up of contact pressure behind casing due to [Monitoring of Induced eismicity Associated with Hydraulic
evaluating Cell [Fracturing in the Montney Shale
85 1. Mohamed 263 A, Aabbas /811 .8oyd 1114 K. Chang
P modeling of
s 1ta Good Reservoirin [Borehole Data and an A Priori Model injection-induced seismicity on the basement fault
lPractice? [Southern Irag
164 €. Golovin 207 . Asaci 1047 5.1i
|Observations of njectivity Reduction from a Near-Wellbore la tector
iing under cyclic ficial Neural Networks
402 2.1 /620 €. Edeiman 1269 €. Bullock
Induced Jand from the
loy Lon:-term Water njection of Plin, daho, USA
1720 p. quinn 672 T.1o 1785 ¥. Yang
a and n tectonically
Reliefduring Coring|deformed coals and their implications on gas drainage and
[straddle packer tests n fractured sandstone loutburst control
1256 . Nie 870 5. Goodarai 952 k. Alruwail
[The Influence of Water-oil C ariation of eservoir [ niiation of Stimulation Treatments Depends on Wellbore
ISandstone with Weakness Plane berta |Mechanical Driling
1463 C. Morales - Monsalve 885 €. Alkamil 1038 A Hedayat
Evaluation of the Mechanical Behaviour of Non-Consolidated |Collapse Volume. birect Frictional Contacts and
[Sands at ifferent Stress Path IApproach Processes in Gosford Sandstane Rack Joints
927 R Yang 1219 M. Galvio
Blocking Agent for Coalbed Methane Fractured Wells sandstone
1154 T.Epp 381 M. Weng.

a foliation of Slate:
with 2 Highly Viscous Fluid from Laboratory Testing,

1214 1. Hasbani

l0n the characterization of the viscoelastic response of the Vaca
[Muerta Formation.

1300 R Makhnenko

[Anisotropy i the undrained pore pressure response of ock

1308 S. Hol

Proxies for quantifying depletion-induced reservoir compaction
inthe Groningen Field

160 C.Germay

[an objective review of non-destructive methods for the direct
testing o strength on rock cores

216 B vusuf

Excess Pressure Method for Subsurface Properties Estimation ~
I Case Stucly

319 5. Borglum
A viable aternative:tensile strength determination of the
(Oriskany Sandstone and Salem Limestone by pore.
loverpressurization

323 s. Knativi

(Geomechanical and geachemical characterization of organic
Imatter by Raman spectroscopy

535 P, Huang

Effects of High Temperature and Liauid Nitrogen Cooling on
IMode | Fracture Toughness of Hot Dry Rocks

784 2.7arig

A Rigorous Empirical Approach to Predict Poisson's Ratio of
[carbonate Rocks from Wireline Logs using Artifcal Intelligence

831 Y. Kovalyshen

fock strai using
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Monday Technical Poster Presentations ® 3:30-4:30 pm

Poster Session MA3

Poster Session MB3

Numerical Modeling of Discrete Fractures in Field-Scale EGS
Reservoirs

icsin Adh in the of Damage and Fracturing|
Processes in Rocks and Rock Masses |
Session Chair(s): Laurent Louis, Giovanni Grasselli Session Chair(s): Andrea Lisjak, Zhou Lei
1197 A.Riahi 292 L Wong

Investigating the influence of microstructural fabric on
fracturing behavior of the crystalline rock: an insight from the
discrete fracture network simulation

464 M. Swyer

Simulating Local Sources of Crustal Deformation at Depth for
Washington State Geothermal Play Fairway Prospects using the
Geomechanical Models of Faults and Magma Chambers and
Remote Tectonic Stress Derived from Geodetic Strain-Rate
Tensors

326 G.Lliu

Modeling Time-dependent Failure of Brittle Rock using Grain-
Based Model

777 Y. Wang
Hydraulic Fracturing Initiation and the thermal cracking near a
horizontal Well: Model, Analytical solution and Applications to
Enhanced Geothermal System

658 B. Euser

3-D finite-discrete element simulation of a triaxial direct-shear
experiment

787 J.Yoon

Discrete element simulation of fault dynamic rupture and slip
distribution: effect of off-fault damage and fault extension

770 M. Starmoni

Th finite volume of asimple
capped Drucker-Prager model for poro-elasto-plastic
geomaterials

1360 E. Yildirim

Laboratory Observations of Fracture Permeabil
Evolution in Rocks from the SIGMA-V Site

y and Friction

832 S.Ma

Coupled damage and plasticity model for shear behavior of
shales

1252 C.Ulrich

The distribution, orientation, and characteristics of natural
fractures for Experiment 1 of the EGS Collab Project, Sanford
Underground Research Facility

1210 Y. Alzayer

Numerical Modeling of Early-Formed Natural Fractures in
Modern and Ancient Carbonate Systems

791 J. TerHeege

The geomechanical response of naturally fractured carbonate
reservoirs to operation of a geothermal doublet

499 C.Zeng

The effect of radial cracking on the integrity of asperity under
thermal unloading process

130 M. Ingraham

Design of a long term hydraulic fracture and flow system

943 W. Yan

Subcritical Crack Propagation Tests on Tight Oil Sandstone
under Different Fluid Conditions

148 Z.Zhou

Experimental study of hydraulic fracturing in enhanced
geothermal system

1178 P. Lollino

FDEM analysis of fracturing processes affecting vertical cliffs in
soft calcarenites

813 N.Islam

Determining Geothermal ultra-hard rock properties from
Mechanical Specific Energy and bit measurements

1143 A. Ahmadi

Feasibility Study and Simulation of Deep Solar Energy Geo-
Storage

1001 L. Frash

Laboratory validation of fracture caging for hydraulic fracture
control

862 K. Kutun

Hydraulic Fracture Modling in Support of EGS Collab Treatment
Designs
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Tuesday Technical Poster Presentations ¢ 3:30-4:30 pm

Poster Session TAL

Poster Session T81

Poster Session TC1

Poster Session TD1

Hydraulic Fracturing

Experimental, Hydrothermal and Biological Rock
Mechanics + AE and NDE techniques for material and
microcrack characterization

Slope, Tunnel, and Underground Struture

Rock Physics and Geophysics for Integrated
Geomechanical Characterization

Session Chairfs):

Session Chair(s): Xiaodong Ma, Jesse Hampton

Session Chairs): Reza Hedayat

Session Chair(s): Luyi Shen, Doug Schmitt

32 T.Wang

Experimental Study on Improving Complesxity of Hydraulic
Fracture Geometry in Reservoirs with Large Horizontal Stress
Difference

395 €. Lindenbach

(Comparison of results from constant normal stiffness and
constant normal load testing on rock and concrete

371 G.Lu

Influence of air temperature on the stability of slope based on
thermo-hydraulic-mechanical coupling

[217 L Shen

of th Properties of A
(Calcareous Shale from Duvernay Unconventional Reservoir
IRock

357 M. Fan
Investigating the Impact of Proppant Embedment and
(Compaction on Fracture Conductivity using Continuum
Mechanics, DEM and LBM Coupling Approach

1127 5. Akutagawa

Experimental observation of hardening process of engineering
materials by optic fiber sensor

1101 D.Eimo

Analysis of foundation problems in fractured rock masses using
an equivalent continuum approach with embedded discrete
fractures

317 T Lokajicek
Elastic anisotropy of layered rocks: Texture-based theoretical
[predictions (effective media modeling) versus ultrasonic
measurements of gneiss

659 T. Hoeink

[stress around pressurized and propped fractures

538 D. Barrick

Lateral Loading Parameters for Monopoles (Drilled Piers) in
|Anisotropic Precambrian Rock

918 . Huang

[The action law of geometry

1800 H. Krietsch

of FBG- and Brill inthe

parameters of homogeneous anti-dumping layered rock slope
toppling deformation

[framework of a decameter scale hydraulic stimulation
lexperiment

29 A Michael

|Analysis of Hydraulic Fracture Initiation from Perforated
Horizontal Wellbores

1375 H. Wang

|A Space-time evolution study for precision damage law of
marble based on the change of P-wave velocity under loading

71 5. Utsuki

Construction of a geological information management system
using A, CIM and image processing technology

57 R.zhang
Experimental Study on Hydraulic Fracture Non-Planar
Propagation from Perforated Horizontal Well in Tight
Formations

361 5. Ak

[Application of Undrained Strength Analyss to Deep Excavation
Design

58 R.Zhang

Investigation on Hydraulic Fracture Initiation and Propagation
from Perforated Horizontal Well in the Deep Tight Reservoir

667 X.Li

Disc cutter wear prediction mode of hard rock TBM based on
dynamic Bayesian networks

111 ). Wang

|A model for conductivity evolution of proppant-filled hydraulic
fractures

822 2.7hang

|A new method to identify the translational removabilty of blocks
during underground excavation

136 A Mendez

[The Complexity of Hydraulic Fracturing Designs Offshore United
|Arab Emirates

929 7. Ren

| Three-dimensional engineering:geological model of the soil
massif: the case study of the base of a hydrotechnical building

187 M. Samnejad
|A novel approach for studying hydraulic fracturing success.
factors using a numerical coupled model of flow and continuum|
|damage mechanics

983 A. Mitelman

|A Proposed probabilsic Analysis Methodology for Tunnel Support
(Cost Estimation Depending on the Construction Method

278 R.zZhang.
Investigate on Fracture Propagation with Acid Fracturing in
Fracture-vuggy Limestone Formation based on True Tri-axial
Laboratory Experiments

287 1.Ge

[sensitvity Study on the Poroelastic and Thermoelastic Effects
o the Stress Reversal nearby an Existing Hydraulic Fracture

327 . Wang

[The Influence of Pore Pressure on Crack Propagation in
Diverting Fracturing

1437 M. wigwe

|Actual Hydraulic Fracture Length Determination Using a new
[Technique for Shale Fracturing Data Analysis in Real Time.

1495 s. Hirose

Numerical Modelling of Fractures in Multilayered Rock
Formations Using a Displacement Discontinuity Method

591 H. Meier
Modeling of fluid-driven fractures using multi-physics
simulation capabilities

695 P seth

Hydraulic Fracture Closure in a Poraelastic Medium and its
implications on Productivity

792 M. Oyarhossein

Fracture Geometry with Non-Uniform Boundary Stresses
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Tuesday Technical Poster Presentations ¢ 3:30-4:30 pm

Poster Session TA2

Poster Session TB2

Poster Session TC2

Imaging Technologies for Geomechanics

(perir ly and Rock

Mechanics

AE and NDE Techniques for Material and Microcrack
Characterization

Session Chair(s): Laurent Louis, Giovanni Grasselli

Session Chair(s): Xiaodong Ma, Mathew Ingraham

Session Chair(s): Jesse Hampton, Andy Rathbun

90 L. Kong

Anisotropy analysis of 3D printed gypsum rocks integrating
ultrasonic pulse-transmission, nanoindentation and micro-CT
techniques.

156 P. Cacciari

The pull-off test for obtaining the tensile strength of rock
materials

271 1. Gupta

New applications of nano-Indentation for Reservoir
Characterization in Shales

284 P. Zhang

Automated and digital geological surveying, mapping and
analysis based on 3D photogrammetry

385 J. Woodman

I Thermal effects on discontinuity behaviour: a laboratory scale
study

365 1. Gupta

Water Weakening: Case study from Marcellus, Woodford, Eagle
Ford and Wolfcamp

306 A.Kozhagulova

Bond Characteristics of Artificial Sandstones with Sodium
Silicate Cement

893 V. Feng

the effect of sample size on uncertainty in stress
measurement

619 R.Choens

Acoustic Emission during Borehole Breakout

1090 X.Li

976 N. Hudyma

Experimental on the Prog Failure
Characteristics of Longmaxi Shale Using an In-situ Micro X-ray
CT Scanner

Micr Induced Calcite Precipitation for the

Improvement of Porous Building Stone

176 S.Jia

Investigating Fracture Growth and Source Mechanisms in Shale
using Acoustic Emission Technique

1093 S.Li

Investigation on Fracture Intervention in Rock Hydraulic
Fracturing Test through CT Scanning

1025 M. Serati

Some novel aspects on the diametral point load testing

473 N.Li

Experimental Investigation into Dynamic of Laboratory
Hydraulic Fracturing Based on Acoustic Emission Monitoring

1211 R.Becker

Digital Photogrammetry Software Comparison for Rock Mass
Characterization

1357 F.Wang

Effect of Joint Geometric Parameters on Mechanical Behavior
of Jointed rock mass under Compression Shear

131 T.Scott

Multi-Stage Triaxial Failure Testing Utilizing Acoustic Emission

1253 R. Yoshida

Co-registration of CT images by SIFT method and observation of|
temporal change in granite fracture aperture under long term
loading

1103 U. Wagas

Effect of loading frequencies on the dynamic properties of
thermally treated selected rock samples

1223 S. Prakash

Analysis of damage induced during a multi-stage triaxial test
using acoustic emissions

1414 B.Liu

Pore Changes of Mesozoic Water-rich Medium Sandstone
during One Freeze-thaw Cycle Test under Different Confining
Stress Using CT Scanning

607 S.Wang

1195 C. Hammerquist

Influence of confining pressure on failure behavior
of mudstone specimens containing a single joint by discrete
element modeling

30 Damage Model in Material Point

Method - Validations

771 M. Soldal

Imaging of rock deformation using micro-CT scanner and X-ray
transparent triaxial apparatus
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Wednesday Technical Poster Presentations ¢ 3:30-4:30 pm

Poster Session WAL Poster Session W81 Poster Session WC1 Poster Session WD1
Pore-scale, Micro, and Nano Rock Mechanics Constitutive models and numerical modeling Ground Control Drilling
Session Chair(s): Mehrdad Soltanzadeh, Paul Young. Session Chair(s): Cheng Zhu Session Chair(s Session Chair(s

Micro-pores and fluid flow - a numerical study

1373 J. Cavalho

Near-field and far field thermal-mechanical modeling of a two level
|deep geological repository for the used nuclear fuel n crystalline.
rock

1010 D. Seely 104 J. Deng 147 A. Goulet 544 C. Ezeakacha
Full-Scale Permeabiliy, Porosity, & Particle Size model of salt otk base and Invasion in d
an Ol Shale Rockfil associated analysis tools for excavation design in seismically  |Wellbore Conditions: Implications for Lithology Dependent
active underground mines. [ Wellbore Strengthening

1235 C. Mitchell 969 Y. Ohnishi 183 D. Zhang 274 H.Wen

controls on the ofgeo- [soldand ‘Analysis by DDA and MPS (Moving The economic fora lution for an incline
architected rocks Particie semi-implicit) Methods applied to Rock Engineering tunnel in weak rock and high feld
933 K. sharma 194 B Slaker 304 1.zeng

Seismic and Stress Response to Development Loading in a
Dipping Limestane Pilar

Research on the effect of casing deformation on sustained
lcasing pressure

1115 H. Yoon

1315 H-M. Kim

320 W.cao

Impact of multiscale and
mechanical properties of geomaterials

Estimation

ydraulic
deformation analysis of rock joints

fracture propagation and gas outbursts under
unloading conditions in coal seams.

916 H. Mohammed

[ Wellbore Instability Analysis for Nahr Umr Formation in
outhern Iraq

684 J. Ibafiez 481 T.Le 1164 W. Li
Friction degradation in rapid sliding: Back analysis of the A review of roof strata instability associated with Longwall Top |The response of

catastrophic Vajont landslide using DDA Coal Caving [system

1178 P. Lollino 673 F.Sengani 1242 A, Didier

Fi T soft | The impact of wet drilling Wellbore Cement Additive, Gilsonite, a Solution to Leaky
(calcarenites to ultra-deep level gold mining experience (Gas Wells?

676 T. Chikande

198 A. Alsubain

Review of pillar design and in
challenging ground conditions

thet to prevent the swab
lpressure-related wellbore instability

677 T. Chikande

Evaluation of tendon support in anisotropic jointed rockmass

351 . Kowalchuk

improving Drilling fficiency by Using Event-Time Analysis to
Better Understand Wellbore Stability

679 T.zvarivadza

In situ performance of split sets in deep to ultra-deep level gold
mining

1740 z.Liu

(Calculation of Drilling Mud Density Window and Open-Hole
| Wellbore Extension Limit for Extended Reach Well

681 T.zZvarivadza

Evaluation of the impact of production rate on mine seismicity:
mechanized deep to ultra-deep level gold mining case study

/895 8. Heidari

|Advanced Real Time Drilling Geomechanics

1331 1. Aubertin

1057 K. Gillis

Investigation on the influence of the selected creep
model for the design of  ground control monitoring program in
an underground room and pillar salt mine

1364 Y. Chen

Analytical study of loading and displacing angles of rock bolt
subjected shear condition

1098 M. Rashidi

|An Arifical Intelligence Approach in Estimation of Formation
Pore Pressure by Critical Driling Data

1280 H.Zhao

(Cuttings Carrying Capacity in A New Efficient Rock Breaking
Technique
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Wednesday Technical Poster Presentations ¢ 3:30-4:30 pm

Evaluation of superiority of liquid CO2 as a non-aqueous
fracturing fluid for coal seam gas extraction

Poster Session WA2 Poster Session WB2
Coupled Processes, Fluid-driven Fracture, Caprock ) Py s (VP
P . . b Numerical Modeling in Mining h
Integrity
Session Chair(s): Pania Newell, Mehrdad Soltanzadeh Session Chair(s):
101 S. Kadinappuli Hewage 1005 Y. Xue

Stochastic simulation of rock size effect with correlation length

168 M. Siddiqui

Digital rock mechanics using Xurography: A new approach to
study Multiphysics interactions in shales

1064 A. Adoko

Modeling Rock Mass Deformation Modulus using Adaptive
Techniques

650 C.Wang

The Influence of Grain Coating on the Shear Strength, Slip
Stability, and Permeability of CO2-altered Reservoir Rocks and
Caprocks

730 C.Newman

Numerical Application of Interface Elements for Stability
Analysis of Stress Distributions in Stope-and-Fill Mining
Operations

654 Z.Li

Friction-permeability response of Marcellus shale caprock

99 Y. Akbarzadeh

Numerical Study of Effect of Pressurization and Temperature on
the Stability of the Cavity Created by Borehole Mining

875 C.Wong

Effective stress law and criterion for crack initiation in brittle
rock under pore pressure elevation

280 D. Shacker

Prediction of hanging wall instability using the Strain Effective
Radius Method

889 H.Jung

Local stress changes near CO2 injector wells due to coupled
thermo-poro-mechanical processes: impact of formation
heterogeneity

568 X.Wang

A grain-based model considering inter- and intra-grain contact
strength heterogeneity of brittle rock

938 B. Leuger

Thermo-mechanical influences of the leaching phase of a gas
storage cavern on the back-analysis of the cavern operation

561 B.He

A Numerical Scheme to Model Two-Phase Flow-Driven Fracture
in Geological Subsurface

1264 Z.Xu

Effect of buoyancy on fluids and precipitation distribution in
inclined fractures

812 R.Mehrabi

Clogging in reservoirs: Current gaps, mitigation challenges, and
future priorities

42 % 52nd ARMA Symposium




Notes

52nd ARMA Symposium % 43



Notes

44 % 52nd ARMA Symposium



