The EFD Technology Integration Program *O"&Gas
An opportunity to demonstrate Ty
technologies which will reduce

environmental impacts.
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The EFD Team

EFD

Co-funded by RPSEA, US Fish and Wildlife, Industry, Environmental Organizations

A Katch Kan

\

ﬁg’-' Newpark Resources

INSTL

0
Chesapeake
Ex¢onMobil

Chevron
HALLIBURTON

=

v “ >

\

Te nar IS b sl & €5l Technologies

@

.
[— -
WyoCompostes, LLC W— ““"'y

(MANAGEMENT TEAM

{(HIAIRICD

[ ENVIRONMENTAL ORGANIZATIONS

TheNature

§’ Nature Center
Conservancy

Conservancy

G

m NATURAL RESOURCES DEFENSE COUNCIL
NRDC e eanris sest oerense

Texas A&M University

H

MONTAN

LA

\

-
ALLIANCE MEMBERS
& >

%

Rensselaer

UNIVERSITY
OF WYOMING
New Thinking

Gund Insmute

Feahagesd Leoremics

QID

.Argonne‘)

USC

KENTUCKY CLEMSON

g\“ ty

uu.su‘ Un.

TCAT
UAE

FAIRBANKS

o W




Outline of discussion

EFD

* Next Phase —TIP

The Environmentally Friendly Drilling Systems (EFD)
Program is embarking on a new effort — field testing cost
effective technologies that reduce the environmental
footprint associated with oil and gas operations (drilling,
fracturing, air, water, site, etc.). The Technology
Integration Program a joint RPSEA and industry funded

initiative, focuses on demonstrating, documenting and
reporting results.

* Plans & Schedule
* Relevance to States (I0GCC)



é What is an Environmentally
Friendly Drilling System?

The application and integration of a number of
incremental improvements, where collectively
they can have a significant impact on reducing
the environmental impact of E&P activities.

Our research indicates that that the public will
accept development provided environmental
issues are appropriately addressed.



EFD Program History

EFD

Formed Team in 2005 (7 years)

Texas A&M University took lead to obtain
U.S. Department of Energy Funding

Formed Joint Industry Partnership to guide §
and co-fund program '

Engaged Environmental Organizations
Phase 2 led by HARC with RPSEA funding
Formed University/National Lab Alliance

Initiated International outreach program
including EFD-EU

Phase 3, Technology Integration Program
co-funded by RPSEA & Industry

Initiated complementary program funded
by U.S. Coastal Impact Assistance Program
(CIAP) managed by the Texas General Land

Office




EFD Program Overview

EFD

Focus on technologies for The objective is to identify,
environmentally sensitive develop and transfer critical,
development of cost effective, new technologies
energy sources that can be that can provide policy makers
used to maintain our standard and industry with the ability to
of living and preserve our develop reserves in a safe and
quality of life. environmentally friendly
manner.

What gets measured, gets done.
What gets identified, gets dealt with.
What gets expected, gets respected.



Technology Integration Program
(TIP ) Objectives

eSpeed the commercial development of
technology

eCreate regional centers that facilitate and
coordinate field deployment

ePerform field trials

e Document and provide the results

eEmphasize programs that reduce cost and
improve performance, lessen environmental
impacts, and address societal issues



TIP program will address the
E&P System

Access: Rigs,
Roads, Pads

Documentation PUbI'(.:
Perception




RPSEA Contract

R mmmd Phase 1 (90 days)

Identify Projects Conduct Projects
& Team (Year 1)

Assess efforts
and complete TIP
(Year 2-3)




Phase 1

EFD

RPSEA Program Assessment, Regional Centers,

* In the first 90 days = Perform initial assessment of relevant technologies/R&D
including RPSEA unconventional and small producers projects.

« Establish a network of regional centers with the goals of:
* Provide synergistic approach to common issues.
« Enable local issues to be addressed by local experts.
* Provide unbiased science concerning local, regional and national policies.
« Establish field test sites to develop prototype technologies.
« Perform case studies of applying technologies on a regional level.
* Provide public, legislators and regulators an opportunity to view technologies
being applied in a safe manner.




TIP West Center — managed by Texas A&M University/Texas
Center for Applied Technologies

EFD

Studies will include:

 Water Management — Test new treatment
and re-use

* Drilling and Completion Operations
* Road and well siting

« Community Issues — Social Impact
Assessment

E OAKRIDGENATIONAL LABORATORY

|
« Small, cost effective mobile sensors @ensomedia

« Air Quality/Emissions




TIP West Project Plans

EFD

Field Tests

» Locating Sites — allow new knowledge to
influence land use.

what is possible with new technologies.

Community Issues — perform social impact
assessment to identify/address misconceptions.

Air Quality/Emissions — develop/test new sensorg
systems.

Water Management — test full-scale
prototype systems.

Technology Transfer/Outreach

Web site that integrates all RPSEA work being
performed.

» Access to valid/accurate data related to
new knowledge, technologies, practices.

« Work with all RPSEA funded unconventional
gas programs.

Drilling and Completion Operations — demonstrg :
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March 2, 2011

Dr_ Richard C. Haut

Houston Advanced Research Center (HARC)
4800 Research Forest Drive

The Weodlands, TX 77381

REF: Letter of Support - Environmentally Friendly Drilling Systems Program

|
Dear Dr. Haut

The AACOG Board of Directors s pleased Io support the objectives of B
Ervdronmentally Friendly Driling Systems (EFD) program % indegrate advanced
fechnologies into dnling systems that sgnificantly reduce the impact of petroleum
driling and production; representatives from the EFD peogram presented belore the
AACOG Area Judges Commimes on January 26, 2011 and visted with me in Floresville,
&3 wel. Ther goal of reduced environmental imgects in ol and gas esploration and
producton was well received

The goals and objectives of the EFD program refiect the needs of cur region and we
strongly support the endeavor. We recognize the effort requines significant resources.
We encourage the energy industy 10 supporet the HARC, Texas ASM Unwersity and
offwr EFD tesam members in their work as they colliaborale with cther stakeholders from
mduwy academa, awmrrm organzations and othens 10 pursue vanous

and dologes that reduce e erwironmental footpent

asmalsd with mtw production
Three components of the program are of particular interest to AACOG

* Develcpment and testng of the EFD Scorecard - The EFD feam develcped &
Scorecard that measures six atinbules associated wih driling operations. 'We
SYONgly recommend O COMPanies paricipste n this testng phase

* Produced Waler and Hydraudic Fracturing Flowback Treatments — Development
of new technclogies is spesrheaded by the EFD leam during the current phase of
the program.

* Ar Monfaring - D pment of new, , along with an cutreach
effort 0 inform all stakeholders of evmubons lovels, wil wnﬂy impeove our ablity
1o d and imph 1 conrol ges relabed to sir quality

The mission of the AACOG is %0 enhance the ives of al residents of e Alamo Region
by working i mutusl respect and parinership with sl levels of government, the business
secior, and the community atdarge to meet regional challienges and %o create reglonal
strengths. The AACOG Board of Directors and 12-county region looks forward o
supporting k-impact drilling practices and polution reduction efforts in a working
partnership with the of and gas industry. Conducting sound research In real world
settings, such as that performed by the EFD team, assures a sustainable enargy future
while maintaiming the quality of I for all stakeholders. To this end, we look forward to
working with you 10 promote e effort and support $he program

Wilson County Judge Marvin Quinney
Chairman. AACOG Board of Directors

Gloria C. Amaga
AACOG Executve Director

8700 Tesoro Drive, Suite 700+5an Antorks, Tesss 7821 TP hone (210] 3625200+ Fan (230) 225 5937 swww sucog com s mallf sacog com




Site Access

Main Components — Rollout Road
* Conformable

e e

* Hinged board segments

Every site needs a road to link it to the outside world. New
technology promises to protect sensitive environments from
the damage caused by conventional roads.




Air Monitoring Technologies

ORNL Micro-Sensors NETL Helicopter
» Can carry 12 |b payload

Thermoluminescent

Nano-powders
Micro-sensors

% Sensor Design

Matorial [N — K e/ Systems
Integration

- “

Packaging




TIP East Center - managed by West Virginia University

Activities will include:

Marcellus Baseline Monitoring Site — Enhance effort managed by NETL
* One year of environmental monitoring will occur before any
development takes place
« Two horizontal wells will be drilled in July, 2012
* Monitoring will continue through road and pad construction, drilling,
and hydraulic fracturing
» Monitoring will continue for at least one year into production g
 “Prospective Case Study” for EPA Hydraulic Fracturing Task Force §
Other field tests as defined in first phase which
may include:
» Scorecard implementation
* Improved cementing practices to protect groundwater
» Assessment of water based drilling fluids



Tradeoff Scorecard Development

EFD

Environmentally Project:
Friendly Drilling Location:
ac s Scorecard Ecosystem: Semi-Arid
Date:
.
P rOJ ect : ICH Points Achieved Possible Points: 100
. Y 55-64points WA 65-74points  WORK75-8apoints R 85- 94 points A A A 95 - 100 points
Location: o ]
[ |prerq1 Compliance w/Air Quality Regs | [prerq1 Species Protection
| o |credit1 Contractual Obligations for Logistics 2 Prerq 2 Habitat Protection/Enhancement
ECO Syste m : [ o |credit2 Site Emissions 2 | |prerq3 Regulatory Requirements
[ o |credit3 Dust Suppression 2 | 0 |Credit1 Restoration/Interim Reclamation 4
n Credit 5 Green Completions 1 | O [Credit3 Erosion Prevention 2
| 0 |Credita Voluntary Offsite Mitigation 1
0 |Credits Invasive Species Prevention 1
[ 0] | 0 |credite Reintroduction of Species, Habitat 1
M ax SCO re [ |prerq1 Stormwater Management Plan | 0 |credit7 Avoidance of High Value Areas 1
Prerq 2 Integrity Testing of Surface Casing | 0 |credits Wildlife and Habitat 2
Credit 1 Water Management Plan 9
Al R 10 0 Credit 2 Setbacks from Streams/Sources 4
Credit 3 Mitigation Measures/Protect Waters 4 E
Credit 4 Reduce Water Usage 2 | |prerq1 Regulatory Compliance
WATE R 1 5 0 [ o Jcredits Reuse of Water/Fluids 1 | |prerq2 Communication Plan
| 0 [Credit1 Public Outreach 3
0 |Credit2 Noise and Lighting Control 2
SITE 1 5 o | 0 |credita Training of Local First Responders 2
Prerqg 1 Regulatory Compliance 0 |Credit4 Air Quality Monitors 2
20 o Prerq 2 Erosion & Sedimentation Control I Credit 5 Emergency Response Plan 2
WASTE MAN AG E M EN T 0 |Credit1 Pre-Existing Site 2 | 0 [Credit6 Dispute Resolution Plan 1
0 |Credit2 Pad Drilling 2 | 0 |Credit7 Surface Use Plan 2
B I o DlVERSlTY H AB ITAT 20 0 0 |Credit3 Protect and Restore Habitat 2 | 0 |credits Unintended Consequences Program 1
/ 0 |Credit4 Contractor Guidelines 2
0 |Credit5 Site Restoration Plan 2
socl ETAL 20 0 0 |Credit6 Well Design Considerations 2 EFD Facts
0 |Credit7 Living Quarters and People 2 Project:
0 |Credit8 Organic Materials 1 Location:
100 0 0 |Credit9 Pre-Plan for Production 2 Ecosystem:
0 |[Credit10 Match Site/Access to Topgraphy 1
0 |Credit11 Logistics Plan - Offsite Storage 1 /
0 |Credit12 Planting of Native Vegetation 1
AIR
WATER /
[ o] SITE /
[ |prerq1 Waste Management Plan WASTE MANAGEMENT /. /7
Prerq 2 Pit Design Pre-site Assessment BIODIVERSITY/HABITAT ' =
Credit 1 Drilling Fluid Handling System 6 1
Credit 2 Lubricants, Fluids, Bulk Materials s SOCIETAL A
Credit4 Spill Prevention System 3 N
Credit5 Cuttings Reuse 3
| o |credite Cuttings Reinjection 3




Technology Transfer and Dissemination

* Improved EFD Web Site (www.efdsystems.orq,
www.facebook.com/EFDSystems)
« Collate information related to field tests (reports, videos, graphics, results)
« Access to information from other RPSEA funded efforts

« GIS Analytical Tool
« Sensorpedia Network

* Presentations, Exhibits, Technology Outreach

‘ ‘ Fayetteville Shale Natural Gas: Reducing Environmental Impacts Ilntermountaln Oil and Gas BMP Project

Search
About Fayetteville

Shale Drilling Locations and Status

Drilling Locations and
Status The interactive Map below shows the location of currently operating wells. By pressing the Ctrl button and
~ dragging the mouse on the map, you can zoom to various areas of the Fayetteville Shale. You can turn
Natural Gas Production information on and off using the legend on the side of the map. You can display information about a
particular feature by moving your mouse over it.

Home

Welcome to'thelntermountain
Oil'and Gas BMPProject

Minimizing
Environmental Impacts N
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Regulatory - Open a full screen map window
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Momnhis Sections

Best Management Practices BMP Categories Partners

The Natursl Resources Law Center and its pariners The dalabsss inchades BMPs 1o addruss 8 varisty The structure and content of thi
welcome you to this free-access website of best of resources and Bsues. webshie s being dev i:innnu n
management peacices (BMPs) for oil and gas conparetion with project partners
developmaent in the Intermountain West. The focus of * Alr quakty - Bociesconemic and adviscrs from gavernment,

this website is a searchable database addressing * Aquaticiripadan values - Solla/Surfacs Industry. the conservation
surface msources sectnd by ol and gus * Climate * Vegetation community, scademis and
development. The database nchkides both mandatory * CulturalHistoric - Yizual agsthetics landownars. For informaticn on our
and volurtary pracices curmntly in use sndior 'Gnum? * Water quality cutrent partnecs or 1o become o
rec for resource 9 - E&ﬂﬂb}iﬂh tm‘mm project partner, see ABOUT US

.....................

ayetteville

Announcements




Join us! The EFD team is seeking new sponsors/advisors to
partner with us to plan and implement the field test program.

EFD

* Sound Science/Objective reporting
e Speeding up commercialization

* |dentify sites/operators, technologies,
focus priorities

* Measurable improvements in reducing
E&P environmental impact



Contacts

Rich Haut

Houston Advanced Research Center
rhaut@harc.edu

(281) 364-6093

Dave Burnett

Texas A&M University
burnett@pe.tamu.edu
(979) 845-2274

Gerhard Thonhauser
University of Leoben
gerhard.thonhauser@unileoben.ac.at

+43 (664) 2110 656

Tom Williams
twilliams@afsolutionsinc.com
(713) 201-3866

Gene Theodori

Sam Houston State University
glt002@shsu.edu

(936) 294-4143

Jim Slutz

Global Energy Strategies LLC
jslutz@globalenergystrategies.net
(202) 436-4410




