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OUTLINE

Access to shale gas - basic principles
Groundwater - presence and movement
Wells 100% sealed? Forever?

Surface water and groundwater interaction

Potential effects - cumulative - delayed
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IDENTIFICATION OF PLAY
AND
MAKING THAT PLAY AS
PERMEABLE AS POSSIBLE
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Gas Production (Thousand cubic feet/Day)

British Columbia Type Gas Well Decline Curves by Play
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HYDROGEOLOGICAL
PRINCIPLES
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DRILLING AND SEALING

REGULATIONS TO MAKE IT SAFE




Model of a well casing after the

cement has been poured.

German Hydrofracking Risk Assessment 2013
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REGULATIONS TO MAKE IT SAFE

BUT...




Potential Gas Migration Paths along a Well
T f e _. d.
Well Ca‘lsing g

Cement Fill

Formation : Cement
Rock \ & Well Plug

Source:Alberta Energy Utilities Board
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Learn the Issues Sclence & Technology Laws & Regulations
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About EPA Search EPA.gov Q

EPA's Study of Hydraulic Fracturing and Its Potential Impact on Drinking Water Resources Contact Us

2013 Technical Workshops

In the study’s technical workshops, subject-matter experts contribute to in-depth discussions and share expertise on technical

topics relevant to the study.

Analytical Chemical Methods

February 25, 2013
Research Triangle Park, NC

e Final Agenda (PDF)

e Final Attendees List (PDF)

e Workshop Participant Bios (PDF)

e U.S. EPA Participant Bios (PDF)

e Workshop Presentations

e Workshop Summary (PDF)

* On March 25, 2013 EPA hosted a public webinar on the
Analytical Chemical Methods Technical Workshop.

o Watch the webinar presentation
O Get the webinar presentation slides (PDF)

Well Construction/Operation and
Subsurface Modeling

April 16-17, 2013
Research Triangle Park, NC

e Final Agenda (PDF)
e Final Attendees List (PDF)
e Workshop Participant Bios (PDF)

e U.S. EPA Participant Bios (PDF)
e Workshop Presentations

¢ A follow-up discussion was held on June 3, 2013 in Arlington, VA

© Final Agenda (PDF)
© Final Attendees List (PDF)
© Workshop Participant Bios (PDF)
o U.S. EPA Participant Bios (PDF)
© Workshop Presentations
¢ On July 16, 2013 EPA hosted a public webinar on the Well
Construction/Operation and Subsurface Modeling Technical
Workshop.
© Watch the webinar presentation (coming soon)
O Get the webinar presentation slides (PDF)
e Workshop Summary
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Well Integrity and Long-Term Well

Performance Assessment
(Insights from work on CO, Sequestration)

Bill Carey

Earth & Environmental Sciences Division
Los Alamos National Laboratory
Los Alamos, NM USA

EPA April 2013 Workshop



How Is Wellbore Integrity Achieved?

« Operational measures Production desig Abandonment

— Adequate weight drilling
mud

— Monitoring pressure for
gas intrusion (“gas kick”)

— Blowout preventers ==
* Design measures

— Steel

— Portland cement

 Guidelines: API HF1
(hydraulic fracturing), e

www.theoildrum.com

-

Bill Carey - EPA April 2013 Workshop



Ol and Gas #4—

Why do wells leak?

Welhead ¥
Md o=l §

~~ « Formation damage during drilling (caving) aee;gjgé d '
e Casing centralization (incomplete cementing)
* Adequate drilling mud removal
« Incomplete cement placement (pockets) cement
Pre- < - Inadequate cement-formation, cement-casing
Production bond as00<gE| | B
- Insufficient cement coverage of well length Seeicasng— 2| B |E
- Cement shrinkage oriing wud—>g| B} |2
" Contamination of cement by mud or formation

fluids " _II=_'[
Cement

7~ « Mechanical or thermal stress/strain

— Formation of micro-annulus at casing-cement
interface

— disruption of cement-formation bond
— Fracture formation within cement
Post- < « Geochemical attack

Production — Corrosion of steel casing

— Degradation of Portland cement
— Carbonation

Packer

Perforations

— Hydrogen sulfide Cement
_ State of Alaska Steal .
Sulfate attack Oil and Gas Division cé‘“s?ﬁé""" Wellbore
\ — Acid attack Not to Scale

Bill Carey - EPA April 2013 Workshop



Wellbore Integrity: Failure Mechanisms,
Historical Record, and Rate Analysis

Anthony Ingraffea, PhD, PE
Cornell University
Physicians, Scientists, and Engineers for Healthy Energy (PSE)

Renee Santoro
Physicians, Scientists, and Engineers for Healthy Energy (PSE)

Seth B. Shonkoff, PhD, MPH
Physicians, Scientists, and Engineers for Healthy Energy (PSE)
University of California, Berkeley

Ingraffea et al., EPA Aplril 2013 Workshop
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Industry-Reported Data On Loss of
Wellbore Integrity: Offshore Wells

SCP=Sustained Casing Pressure.
Also called sustained annular
pressure, in one or more of the
casing annuli.

e About 5% of wells fail soon
e More fail with age
e Most fail by maturity

Percent of wells affected by SCP

Well age, years

. . . , Ingraffea et al., EPA April 2013 Workshop
“Wells with SCP by age. Statistics from the United States Mineral Management

Service (MMS) show the percentage of wells with SCP for wells in the outer

continental shelf (OCS) area of the Gulf of Mexico,Jgrouped by age of the wells.

These data do not include wells in state waters or land locations.

Brufatto et al., Oilfield Review, Schlumberger, Autumn, 2003 3
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Recent Operator Performance in the Pennsylvania
Marcellus Play: Results of Survey

1,609 wells drilled in 2010.
97 well failures.
6% rate of failure.

1,972 wells drilled in 2011.

140 well failures.
7.1% rate of failure.

1,346 wells drilled in 2012

120 well failures.
8.9% rate of failure.

Consistent with previous industry
data, and not improving.

(GWVS note: well failure = leaky well ) Ingraffea et al., EPA April 2013 Workshop
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MEASURES IN PLACE..
BUT THINGS CAN GO WRONG

“Ten casing failures occurred
at the enhanced heavy oll
recovery operations in
northeast Alberta, resulting In
cross flow from the producing
zone Into another formation.”

Alberta Energy Resources Conservation Board
(ERCB),” Field Surveillance and Operations Branch
Provincial Summary 2009” (2010)

GW Solutions report for Minnie Lake Conservation Society, Feb 2011
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BERKELEY LAB

LAWRENCE BERKELEY NATIONAL LABORATORY

Freeman - EPA April 2013 Workshop

Modeling of Leakage in Potential Failure
Scenarios Iin Shale Gas Systems

Technical Workshop Series:

Well Construction/Operation and Subsurface Modeling

Drinking Water {f
Resources

Gas and Water |
Resources f

Mostly Gas
Resources

Matt Freeman, LBNL
EPA-Research Triangle Park « April 17, 2013
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ing:

Conceptual Model Build

LAWRENCE BERKELEY NATIONAL LABORATORY

BERKELEY LAB
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GENERAL CONCLUSIONS
(2013 WORK)

Work in progress - More studies required

EPA report release scheduled in 2014




100% OF WELLS ARE SEALED

FOREVER

2202




WHY IS THIS SO IMPORTANT?
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High river level

////




network of natural ,‘

fractures

AN

What is the potential flow
along all these pathways!?

What will be the resulting
drop of piezometric level in
the surficial aquifer?

N

Wells, 10-20% of them
poorly sealed

/

<] 1

N <

fracked zone

I I N
(permeability increased resulting from fracking + drop of piezometric levels resulting from years of gas extraction + interconnection between aquifers)
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Modeling the impacts of shale gas extraction on GE.

groundwater and surface water resources MONTRE Al

Romain Chesnaux'®, Lucie Dal Soglio®, Gilles Wendling’

Modeled drawdown range: 0.6 m to 0.9 m after 3 to 5 years
Effects:

permanent and irreversible

could be devastating for watersheds and their ecosystems

Debate needed with more modeling results from academia and industry




NATURAL PATHWAYS
(SHOWN BY HOT SPRINGS)







Limestone - high thermal Shale - low thermal
conductivity conductivity
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WHAT IS BEING MONITORED
IN THE YUKON?




yukonwater

/
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yukonwater .

/ groundwater
monitoring station



Presentation to the Select
Committee on Hydraulic Fracturing

September 26, 2013
9:00 am

Environment

Basin

Water Monitoring Network
Eagle Plain

McParlon

Cree_I:*

q.'\.

€

* Glacier Creék

.....
[ 0

Rive’

* New water monitoring sites
added in August 2013:
e McParlon Creek
e Dalglish Creek
e Glacier Creek

|* To be added this fiscal:
e Eagle River
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WHAT WE SHOULD KNOW




WHAT IS COMING?

(I.LE. FULL BUILT-OUT PLAN)




Take me

NE BC
over 31 000 O&G Wells

(source: National Energy Board)
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Drinking Water

Well Disposal well

Drilling pad Dugouts

e Creek

Shallow sand
aquifer
Deeper sand
aquifer

Conceptual image of groundwater dynamic and connection to surface water
S D
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OTHER COMMENTS
TAKE HOME MESSAGES




EFFECTS COULD TAKE TIME TO BE
OBSERVED: YEARS, DECADES




CUMULATIVE EFFECT




O&G WELLS IN WESTERN CANADA

Over 0.5 million wells!!!
@ 385 000 in Alberta

113 000 in Saskatchewan
31 000 in BC
€@ 8000 i1in Manitoba
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VERY SENSITIVE ENVIRONMENT




100% OF WELLS ARE SEALED

FOREVER

ARE WE SURE ???




WHAT WILL HAPPEN TO
WATER
IF IT IS NOT THE CASE ?




Photo: Gilles Wendling

THANK YOU




