THE UNIVERSITY

OF ARIZONA.

Creating An Interdisciplinary Research
Organization for Sustainable Development
of Critical Earth Materials

i IR
i* ~s’ ‘"g:\

September 13, 2011
Mary Poulton, Director
Lowell Institute for Mineral Resources

www.imr.arizona.edu

The University of Arizona, Tucson

Lowell Institute for Mineral Resources



The University of Arizona, Tucson
THE UNIVERSITY H
OF ARIZONA.
Lowell Institute for Mineral Resources

The Lowell Institute for Mineral

Resources is a leading global center
Addressing the challengesfor mineral resources that bridges
pure and applied research in the
flelds of science, social science,
engineering, health, business,
leadership, policy, and that works
with leaders to adopt new ideas,
policies, and technologies.

A owering fresh water use

A owering energy use / renewable energy
Adealthy and safe communities and workforce
Amproving our understanding of the global
mineral resource inventory

ASmaller mining footprint

ASustainable resource development
Anforming policy decisions

AContinuing education and public outreach

Y g % Photo courtesy of Freeport McMoRan Copper and Gold
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Avision and Mission written with
iIndustry and faculty collaboration in
R May 2004

AScience Foundation Arizona
Contract Jan 1, 20091 Dec 31,
2012

Aviatch every industry dollar
with state dollar

Ao overhead on industry
funds

ACommon MOU for all
members (20 and growing)

A). David Lowell endowment Sept
2009

A everage funding to do more/new
research

Background on IM




THE U RS
Our Strategy to Launch the IMR
A Interdisciplinary

I Development of mineral resources requires the integration of pure and appl
science, engineering, health, business, law, and environmental stewardshif

A Capacity Building
I Workforce Capacity
I Research Capacity
I Organizational Capacity

A Industrﬂdmversﬂy Partnerships for Research

Projects that are important to industry and state

Tractable and high probability of implementation

Budgeted as part of the compani es

Build strong relationship: success builds trust and trust leads to more
collaboration

I Build capacity for future work
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Mirector and Associate Director
MBoard of Directors (7-9 members)
Arechnical Advisory Committees

Andustry and faculty
Aream leaders (faculty coordinate and grow
thematic areas)

A-aculty have home departments

Organizational Structure

MProjects have industry collaborators
Adnnual reviews and audits
KRuarterly reports to all partners
ABusiness plan, board charter

ACenters within the Institute
Adealth and Safety-NIOSH
AEnvironment-EPA
AGeosciences-NSF,NASA

Arechnology Transfer
A new companies

APartners can do research through SFAz
MOU or through normal UA process
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Addded Education Outreach program with new
hire in 2011

Outreach AReach 7,00+ middle and high school
students each year

ANork on embedding earth science into
national and state science standards

ARecruit for university mining engineering
and geosciences

Avork with SME/Mii/lGEM
ASpeak to civic groups

ANork with Career Technical Education
programs

Adigh school summer camp (2012)
ASummer teacher workshops (planned)




The University of Arizona, Tucson
THE UNIVERSITY H
OF ARIZONA.
Lowell Institute for Mineral Resources

We are part of an Innovation System
A flow of:
People
ldeas
Money

Source for next 3 slides: Charles Vest, PhD
President US National Academy of Engineers, President Emeritus, MIT
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Awvater (3)
AUse of low-quality water for sulfide flotation
Anergy (3)

V  New process for making solar grade silicon
) (spun off as company)
Research Portfolio Asmaller footprint (9+)
AVine operations optimization
ASocio/Economic data warehouse
V  Vehicle automation
x  Tailings geopolymerization
x  Fiber optic in situ measurements
x  Geomechanics
MResources (20+)
MMine i District i Regional geological studies
ARaman Spectroscopy mineral database
Adealthy/Safe Communities/Workforce (9)
Must source apportionment on Navajo Nation
Avirtual environment for accident prevention
Biodiesel health effects
Anvironmental (3)
Mhytostabilization of legacy tailings and dumps
Dust (health effects and suppression techniques)
ARe-vegetation of dry stack tailings
ASustainability (3)
ASocial intelligence (spun off as company)
Mata warehouse
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Develop a workforce pipeline through integration of
research and education

485 total participants in IMR activities in 2011 to date
205 participants in projects
A5 faculty directly involved
A5 staff
A3 graduate students
A2 undergraduates
28 post doc
A5 industry/ govét
2 high school students
A75 construction workers (2010)
A-280 IMR students in classes and short courses
AGraduated 13 GEOS and 4

IMR Workforce
Capacity

profess

Mining Firms Dig Deeper

To Lure Scarce Workers
MN E

By ROBERT GUY MATTHEWS

Demand for commodities has
boosted the need for more min-
ers around the world, prompting
warnings from companies that a
ze could slow growth and
increase costs.

The need for workers is forc
ing some companies, such as
BHP Billiton, to prepare to fly
workers to, and from remote
mines. " Others, such as Rio
Tinto, say the shortage is accel-
erating efforts to automate oper-

shor

ations. Nittetsu Mining Co. of by China, India and other devel

Japan was forced to slow expan
sion plans to develop the Sol Na-
ciente copper mine in Chile be-
cause of a shortage of miners
The miner says that it expects to
pick up the mine’s expansion
plans by this spring.

Vale of Brazil, Xstrata PLC of
Switzerland and Anglo-Ameri-

can PLC of Britain, along with
BHP and Rio Tinto, are in the
midst of expansion projects

throughout the world in the
hope of meeting demand fueled

Miners are finding better. pay as mining companies compete for
workers. Above, Hecla Mining’s Lucky Friday silver mine in Idaho.

= interest in the C

oping countries. But some min
ing companies say the industry
is facing increased competition
for skilled workers from the oil
and natural-gas industry, which
is also ramping up spending for

rcity translates
costs for mining
s, it benefits workers,
move from one mine to
seking better pay and
conditions

Kyle Hirsch, a silver miner in
Big Creek, Idaho, left his job at
the Lucky Friday mine, I
Hecla Mining (

mining job to mini says
Mr. Hirsch, 44 years old, who
now works as a driller at the
Crescent S
Right 1
mine. M

Idaho-base
Group Inc., w

Mine, says it pay
crew of miners about
every foot of rock they clear
Typically, a crew clears a depth

Please turn to the next page

&0 partner companies and n a tai |

550 projects in progress or completed

KCollaboration with NAU, ASU, UAF, CSM
KCollaboration with national laboratory (Idaho)

KCollaboration with NIOSH, USGS

A135 publications and presentations since start in 2009

Wall Street Journal Jan 4, 2011
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Lowell Professional Programs in
Mineral Resources

Workforce Capacity ﬁProfess_ional Science Masters in
Economic Geology
Aviaster of Engineering in Mineral
Resources
Mrofessional Certificate programs
A owell Field Courses (2)
A owell Short Courses (10)
Anterdisciplinary graduate courses

A Environmental seminar

A Mine vehicle automation

A Topics in Mineral

Resources

A600 industry geologists and
engineers have been involved in
Lowell Program courses at the UA
in the past 5 years

A from > 51 companies and

22 countries
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Sustainability

AMR sponsored workshops Oct 2009, November
2010

A-15 industry and social science faculty attended
in 2009

A4 industry and social science faculty attended in
2010

Andigenous peoples policies

MResettlement

ACommunity health

A atin America issues - water

KCreated Sustainable Mining Research Group with
Udall Center for Public Policy, Anthropology,
Geography, Philosophy, American Indian Studies,
Resource Economics, Law, Government and
Policy

Adpplied Ethics in Sustainable Mineral

Resource Development

ASustainability curriculum for executives and

civil society leaders

AID program on governance and corruption

for international development

AVS in International Development
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A Reclamation at superfund legacy mine
sites: Klondyke, AZ and Iron King, AZ

Center for Environmentally Sustainable A Newly allocated state sales tax revenue
Mining for new mining center

T A Leverages long running EPA Superfund
ainaivialer, Leader

’ C +
Soil, Water, Environmental Science RESERIET CENE ANl

College of Agriculture and Life Sciences
A Research themes:

A Air quality (dust, aerosols, smelters,
other point sources)

A Water quality and quantity (AMD,
sulfates, etc), water supply, re-use,
conservation

A Covers (tailings, dumps) including
phytostabilization

A Post mining landscape rehabilitation
and land reclamation

http://ag.arizona.edu/swes/maier lab/mine tailings.html

14


http://ag.arizona.edu/swes/maier_lab/mine_tailings.html

The University of Arizona, Tucson
THE UNIVERSITY H m
OF ARIZONA.
Lowell Institute for Mineral Resources

AControl room laboratory

Arundamental research showing we can
use fAi mpaired watero f

Some Key Researchindamental research on rock softening

that can increase drill rate penetration by
50% in lab (may also work for grinding)

ANew techniques for real time, in situ rock
mass monitoring (fiber optics and
embedded sensors)

Adyperspectral imaging for slope stability
Processing of #dAdirtyo
AExpanded SX Mine

Annovative mine safety training

ASustainability metrics in mineral economics
models

Adutonomous vehicles

AESL safety training

AExpanded economic geology program
A ed to new Cu deposit discovery
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Course goal:
Use Freeport donation to:
ENGR 450(550 Perform autonomous missions at San
Autonomous Mine Vehicles Xavier Underground Mining Lab

Larry Head, SIE : : :
Y Basic and simple: drive on road

(GPS)

More Advanced: multiple vehicles,
obstacle detection, collision
avoidance

Advanced: Path planning, non-GPS
navigation (eg in mine), off road
driving

Highly Advanced: Mission planning,
tracking (eg Border Patrol)

Students rebuilt vehicles, sensors
and had vehicles running
autonomously by semester end

What we started with T piles of stuff, missing
pieces, and no documentation 16




The University of Arizona, Tucson
THE UNIVERSITY H -

ENGR 450/550

Autonomous Mine Vehicles
Larry Head, SIE

Lowell Institute for Mineral Resources

Course goal:

Use Freeport donation to:

Perform autonomous missions at San

Xavier Underground Mining Lab

Basic and simple: drive on road
(GPS)

More Advanced: multiple vehicles,
obstacle detection, collision
avoidance

Advanced: Path planning, non-GPS
navigation (eg in mine), off road
driving

Highly Advanced: Mission planning,
tracking (eg Border Patrol)

Students rebuilt vehicles, sensors
and had vehicles running
autonomously by semester end

What we ended with

17
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Scope of Work
Develop applications for surface
and underground mine

.. ) monitoring using distributed
Distributed Sensing for sensing technology

Surface/Underground Mine Monitoring
Moe Momayez Areas of Focus
Dark Pulse Technologies A Ground Control _

a.Deformation / Strain
b.Load / Stress
Distribution
c.Microseismic
Monitoring

A Safety & Environmental

Monitoring

a.Air
Temperature/Pressure
Measurement
b.Worker and
Equipment Location
c.Gas Analysis

A Intelligent Rock Bolts




The University of Arizona, Tucson

THE UNIVERSITY

OF ARIZONA.

Lowell Institute for Mineral Resources

A Many engineering fields use
ubiquitous, automated sensing
networks (e.g. structural

Embedded Wireless Mick8ensors In o
monitoring)

Shotcretefor Mining Ground Control
John Kemeny A Mining can utilize this technology

___ A Use wireless sensors the size of
- | aggregate in shotcrete

.. IR A Receive rapid information about
B | stress conditions and potential
. failures

Thos e m ow om o ow o ow A Use MEMS accelerometers and
strain gauges with wavefront
N triangulation

A Can use in non-shotcrete areas

Figure a) Decrease in dominant frequency in a

simulation of the breaking of rock bridges holding up a

large rock block (Nickerson and Kemeny, 2011), b)

similar results from the in-situ failure of a rock block

5 & § (Levy et al., 2009). 19

0204
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Health and Safety
Jefferey Burgess, MD
Eric Lutz, PhD
RosHill
NIOSH, Newmont, SRMG, Resolution Copper
Maren Robinson, NAU
PierreHerckes ASU

Promote healthy and safe workforces
and communities

A Implement and measure the
effectiveness of risk management
interventions

A Determine the health impacts of
bio- and synthetic diesel

Develop effective safety systems and
training

Incorporate behavioral aspects of
safety training and systems
Implement training simulators
Research safety and health
applications of underground
communications system

Too o

Address needs of indigenous
populations

A Dust source apportionment from
historic uranium mining on the
Navajo Nation
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ANestern Mining Safety and Health Training
Resource Center based at SX Mine

San Xavier Minﬁ Le\lgerallging :}g Investrg)?nt ACollaboration with College of Public Health
ary Poulton,Jelt BUrgess ee'lS - 54 college of Education; CSM: Arizona
NIOSH . .
State Mine Inspector; Hazard Prevention
Institute

Arrain >2,000 miners each year
Anternational best practices training
Anorkshops on bilingual training
ASupervisor Leadership Workshop

£On site training for industrial hygiene
Avirtual environment training simulators

“Knowledge is sight”

San Xavier
R Mining Laboratory |

SAFETY §=HEALTH
TRAINING
RESOURCE
CENTER
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Mine Language and Literacy

Training
Patricia Anders, PhD, Education
Aly Waibel, PhD candidate, Education
JJ Kelly, MS candidate, Education
Susan Rice, MEd, Education

Lowell Institute 10 Min eal Resou rces

Teaching Strategies for the
Mine Safety Trainer

A
A

June 30-July 1

First offering
oversubscribed

Emphasis on better adult
education to aid in better
safety training courses

Research on mining
language and literacy

Best practice translation
of toolbox training
modules

“Knowledge is sight”

SAFETYS=HEALTH
TRAINING
RESOURCE
CENTER
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AJse SCAPE open source 3D
San Xavier Mine Virtual Environment visualization engine
Training Simulator ACreate underground or surface mine
Ros Hillg SX Mine Director €nvironment
SFAdund  ACreate training scenarios
Adave multi-player interactions
Mo accident reconstruction
Mock safety inspections
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Previewing & Activating Scenarios on the Workbench

on Tracker 6s Vi ew

Vi .
rid Vision Tracker

Active Scenario

FATALGRAM

-— ' Powered
- Haulage

AAAAAA

rt ual Vi

Direct View of User
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Solar Energy

Moe Momayez
Freeport

Anstall a 2kW pilot plant on mine
tailings, on the south slopes of the old
Esperanza tailings

20 panels (C1 series donated by Solon
Corporation)

Anstalled 10 panels using Solarmax’s
low profile geosynthetic liner

Objectives:

Measure energy yield statistics
AStudy degradation due to corrosive
environment: dust, moisture, wind, etc.
Arest mounting infrastructure

AStudy re-vegetation growth on mine
tailing under solar panels

ARefine cost / benefit analysis

ASpin off TerraVoyant LLC

MNew venture: solar assisted low T
geothermal with greenhouse ag and
aquaculture
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Themes for IMR/SFAz-Geology

Characterization of
mineralizetlj systems

Deeper understanding
of mineralized regions

A Topical studies

I development and application of analyti:
techniques to resource challenges

A Deposit and district studies

I applied science for expanding and
Improving reserves and production

I basic geology and genesis of ore syste
A 4D geological framework studies

I regional context for exploration,
assessment and policy
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What, Where, Who

A Industry geology sponsors
(mainsFAZzpartners)

Newmon(D, R, LPEG)
FreepoicMora(D, R, T)
Resolution CopgE»
BHPBIllitor(D, R, LPEG)
BarrickR)

Anglo AmericéR, T)
Anima{R, LPEG)
Bronco CredR)
QuadrdD, R)

AsarcdD, R)

AngloGold Ashgid, LPEG)
Minera&CarmeiBajo(D)

A USGS (R), NSF (R, T




