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@Pennsme Marcellus Center for Outreach and
Research

Research

Down Hole Technical Issues

Above Ground Risk

« Water quality
* induced seismicity
« NORM

— Methane migration

« Well design
 Abandoned wells

— Emerging geology

— Well yield trends

— Decline curve analysis
— Regulatory

— Fugitive methane

— Community impact(s)
Socio-economic

— Agriculture --Tourism
Environmental

Water —lifecycle impacts
Workforce

Business Development
Regulatory

Governance
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F@ remnstzte \\f@ter Quality Research

| ATTHE SURFACE

OR JUST BELOW

SURFACE TOAPROY,
SOREET

¥ SURFACETO APROY.

500 FEET

s via pipelines.

20" diameter“conductor” casing s
Installed through the soil and into
bedrockto stabilize the upper portion
of the well,

fromdaeper brinesand hydrocarbons.

9% dameter Intermedite” casing b
Installed and cemented wihin a 12’y
dismeter borehole to a depth of
appraximately 2,000'to seal off shallow
hydrocarbons and brines and prevent

..::- ~{ 1 ) them from migrating upward.
h_3 = ;

o

s - S S ——

o
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Marcellus Formation

& marcellus.psu.adu

SURFACETO
5000-9000+ FEET

Production Tube /

-

5" dlameter ‘production” casing Is
Installed wthina 7',

holethatis drilled vertically and then
graduallytumed horizontally into the
producing zone of the shale

15,000+ shale wells
Pre-existing issues
Few cases of well
bore integrity

No fluid migration
Limited methane
migration

Primary concern

— Surface spillage
— Offsite spills w/trucks
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Produced Water Management Options

e,
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Brine Water Storage Tank

Reuse for Separation

Hydraulic ~— =—

Fracturing

—

Sedimentation Tank Mixing Tank

—_—
Coagulant
Added .

Flocculant Tank

Clarifier l
Clear Water

e —

Filter Press

i

Sludge to
Landfill

Produced water management
options

» Direct reuse (blending)

» On-site treatment w/reuse

» Off-site treatment w/reuse

» UIC well disposal

Treatment technologies include

Bag filters

Chemical precipitation
Electrocoagulation
Evaporation (MVR)
Filtration

Costs of <$2 to >$10/bbl

YVVVVYVYY

During 2016 in PA ~85%+ of
shale gas produced water was
recycled and ~13% disposed of
via injection wells
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‘@PennState Evolution of BMP Technologies

--Redundant systems for fluid control
--New storm water and erosion controls

AL TR LY

--Transparent evolution of regulatory
protocols

--Trend towards “closed loop” on fluids
and drilling wastes

--Greater use of vertical equipment

reducing pad footprint
--New sound and light mitigation MCOR
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Jremse PA Well Site Inspections

Inspections % Inspections
Wells with Total % Inspections with
Year Inspections inspected Violations Violations = Enforcements with violations enforcements
2017* 11,793 6,113 289 572 83 2.5% 0.7%
2016 15,198 6,627 235 456 94 1.5% 0.6%
2015 13,254 5,949 210 405 130 1.6% 1.0%
2014 11,530 5,130 210 423 161 1.8% 1.4%
2013 12,472 5,594 319 528 201 2.6% 1.6%
2012 12,704 4,861 380 711 271 3.0% 2.1%
2011 10,569 3,939 663 1,221 256 6.3% 2.4%
2010 5,248 2,006 659 1,280 357 12.6% 6.8%
2009 2,352 926 343 684 221 14.6% 9.4%
2008 1,254 376 161 234 162 12.8% 12.9%
16.0%
14.0%
=% Inspections with
12.0% Violations
10.0% — % Inspections with
8.0% enforcements
6.0%
4.0%
2.0% e
0.0%
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017+
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@Fennsmte Marcellus Center for Outreach and
Research

Outreach

» Science-based information
* Rapid response

* Localized outreach

e Current materials

« Rapid evolution of info

« Broad range of views

» Access to regulators

 Positive link between
stakeholders, researchers,
industry, and elected officials

“Translational OutreaCh” MARCELLUS CENTER
--Creating advocates of science MCOR
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Jr=s== Global Energy Trends

World Energy Consumption By Energy Source (1990 - 2040)
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Source: U.S. Energy Information Administration, International Energy Outlook 2017
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== Global Shale Gas Trends

Shale gas and other natural gas production in selected countries, 2015 and 2040 P\
billion cubic feet per day Cla

United States

2015

China — 2040
Canada Sh,?'? gas
Mexico |l o
Algena |l
Argentina [
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@Pennsme Strong Global Shale Interest

oA SALE OADGIL ASSESMENT % * Expanding interest in
repeating North

el America shale energy
B o Prospective
PR = e * New global energy
A e paradigm emphasis

BEE:

FOLD BELT

since Paris. Gas??

 New markets for gas
— pipeline & ship
» Greater pairing with

aaaaaaa
USGS, 2000

(© 2013, Advanced Resources re n ewa b I e

International, Inc.

ott Stevens  ss s@ad om .
Keith Mocodhe  kmoodhe@adv-res.com t h I
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Fa PennState

U.S. Dry Natural Gas Production By Resource Type
History 2015 Projections
45 ' 120
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Source: EIA Annual Energy Outlook 2016
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Shale Gas Trends

U.S. shale gas production (2005-40)
billion cubic feet per day

90
% history AEQ2016 Reference case projection
70 all other shale gas plays
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[J s Drilling Trends in North America

e Shorter time to drill a well

— Months to weeks to days(currently) -30 to 50% increase in
efficiencies

» Costs decreasing

* Move to “walking” rigs built for purpose

* Longer wellbores -- 6000+ meter lateral in OH

* More frac stages and move to target best rock(40% yields 80%)
— More proppant —almost doubled from recent past
— Every frac is a unique effort —matching pressures to rock
— Upgrades to subsurface technical expertise/technology

* Increased gas volumes per lateral

* Increased IPs/EURs/ROR —flatter declines




J P Shale Energy Developments

* Geopolitical -- 80% of shale gas is in locations with 30%
of conventional gas resources

— EU diversification —shale development(UK), LNG
— Commercial production in Argentina and China
* In U.S,, increasing quantities of NGLs and “dry” nat gas
— Substantial increase in reserves and utilization
— New exports of NGLs --Propane/Ethane
— 74 Bcf/d --27+ Tcf/yr
— Currently approx. 50% of dry gas production from shale

e Large need for infrastructure—midstream/roads/people
* U.S. -commercially predictable regulatory environment
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Shale in the Lower 48

. o j [ shale Plays
i Rag et B Shale Basins
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~ Marcellus Shale one of the largest
~ shale gas reservoir in the world with an

- estimated 500 TCF of recoverable
gas...a 20-year supply for the entire US

A

. el _ ?'ﬁ:l%. et Depth of Marcellus Shale Base
d ,? ! s K Iru‘g:ﬂf} _ . *-;'-J’ |:| 2000 - 3000 ft
: & 7 ‘: I i Super.'-Rich | /,"l L 3000 - 4000 ft
: ( T e [ wetGes 4000 - 5000 ft

W 5000 - 6000 ft
I 6000 - 7000 ft
I 7000 - 8000 ft
I 8000 - 9000 ft

I > 9000 ft

— — — Wet/Dry Gas Boundary
Marcellus Shale Extent

{incdludes non-economic areas)

d

Marcellus locaticn modified from USGES Marcelius Shale
Assessment Unit. Onondaga depth modified from
Wrightstone, 20049,

;_—I-.V | 210,000 acres
) LIt RN




PENNSTATE

= Emerging Shale Targets

Key Gas-Producing Formations in Pennsylvania

Generalized Geologic Cross Section Showing
Marcellus Shale in Western Pennsylvania

million
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Unconventional Wells Drilled by Year

Year Drilled
e 2016 (900 wells)
2014 to 2015 (3,628 wells)
2012 to 2013 (3,945 wells)
2010 to 2011 (4,212 wells)
2008 to 2009 (1,832 wells)
2006 to 2007 (887 wells)
2004 to 2005 (115 wells)

- Extent of Utica, Marcellus,
and Upper Devonian shales

Marcellus Center for Outreach and Research

@ PennState MCOR




Unconventional Wells Drilled by Year

Year Drilled

2016 (900 wells)

2014 to 2015 (3,628 wells)
2012 to 2013 (3,945 wells)
2010 to 2011 (4,212 wells)
2008 to 2009 (1,832 wells)
2006 to 2007 (887 wells)
2004 to 2005 (115 wells)

1 - Extent of Utica, Marcellus,
‘ and Upper Devonian shales

Marcellus Center for Outreach and Research

@ PennState MCOR




renseqstern U.S. Multi-Well Pad
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Multiple Wells Per Pad = Reduced
Footnrint

i S I N S S I . S S S S S

|
|
|
|
F
|
r
1
|
i
|
i
i
1
|

1,000 feet Source: Range Resourcgs

The ability to install multiple wells from one 2 hectare
pad per 5 sq. km. reduces the surface footprint greatly oo s




12,000 . 3
!3 PennState  MCOR PA Shale Well Inventory, Production

Marcellus Center for

Outreach and Research & consu m ption S u m ma ry

10,000

8,000

6,000

Wells

Trillion Cubic Feet of Natural Gas

4,000

2,000

= Producing Wells &= Estimated Well Inventory e===PA Production e===PA Consumption
Updated: September 1,2017




Iz U.S. Shale Gas Production

Natural Gas Production
September 2016 M September 2017
24,000
= 18,000
g
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Source: Energy Information Administration
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remnsize PA Production Declines

Cumulative Production Gas Rate (Mcfd)

100000

Pennsylvania Average Production & Decline Estimates

10000

6,000

*

* “e o
[ y P A PV 4 % %
e RO 265 ’2". 5 ;4:;3’

5,000

Estimated Daily Production Decline Gas Rate (Mcfd)

3,000
2,000
*
*
1 1,000
®
- + Production Data Point
&
R - Cumulative Production Curve
L
« Decline Curve
0.1 4 - - -
0 600 800 1000

Days on Production
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Natural Gas Resource Assessments, 1990-2016
B Coalbed Gas Resources (Mean Values)

#8 Shale Gas within Traditional Resources (Most Likely Values)
Bl Traditional Gas Resources: Conventional, Tight, Shale (Mean Values)

3,000

N
3
o
o

2,000

1,500 |

Total Potential Resources (Tcf)

Shale gas assessed but not
reported separately I I
A

1,000
Enﬂl I I I I
0

& F &S E S

Assessment Year-End

Source: Potentfial Gas Committee
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=== Power Generation Trends

Coal and NG trading spots for top U.S. power gen fuel

— permanent??

— Significant amount of natural gas resources fueling power generation

— 18 new gas-fired projects w/9,690 MW in queue in eastern U.S.

— 15% of coal gen went offline by 4Q16
25+ yr low in CO2 emissions

— Nat Gas paired with renewables
Concerns

— Pipeline constraints

— Bias towards single fuel

— Impacts to nuclear power

— Impacts to new renewables

Greater onshore production
— Reduced price volatility?
— Weather-based moves

MARCELLUS CENTER

— Political shocks MCOR
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Jrs=Nat Gas Liquid Production

NatGas and NGPL Production and Processing Capacity in Appalachia, 2010-2017

25 700 25
20 o0 : 2
E 500 |
. 15 T 400 : 7 15
g Natural Gasoline |
E 10 E 300 Isobutane | E 10
= -
E 200 N-butane :
5 5
100 Propane :
0 0 ) ——————
2010 2017 2010 2017 2010 2017

Sources: U.S. Energy Information Administration, Natural Gas Monthly, Form EIA-757, and company public
filings and press releases
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== Petrochemical Trends

Share of Leading North American
Petrochemical Customers

+ $310B new U.S. investment?? | / g i
— Shale gas driven “”" v 35% Léz:/u
— Significant workforce additions 6 = 0dl

— New manufacturing capacities
= $1 O5B /yr CO ntribution to e ConOmy gc;ire?;; ;‘;eer:;sywama Department of Community and Economic
— Competitive globally

— Recent announcement by Shell for ethylene
production in Marcellus/Utica region. Large quantities
of ethane/NGLs

« Ethane exports to Norway and Scotland from
Pennsylvania/Ohio/West Virginia

 Other energy intense industrial utilization, MCOR

Nnarfinriilarlhs nAawiar nan NI




Jremsee Evolving Ethane Markets

Dragon Class 27,500 m3 liquid gas carrier intended for transatlantic shipments of Marcellus ethane

Proqulsion Boil off gas Reliquefaction plant
i compressors (Ethane & LPG)
- | /

WARTSILA

Cl@ Source: Wartsila USA. [ER
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@Pemsme A Global Market for Gas

MNational Natural Gas Market Overview: World LNG Landed Prices

Federal Energy Regulatory Commission » Market Oversight = www.ferc.gov/oversight

World LNG Estimated Landed Prices: Apr-17

“M'Ric de Janeiro O

S 5.22
& ¥ Bahia Blanca
S 5.36
L A

Source: Wailerbome Energy, Ine. Data in FUSMMBtu. Landed prices are based on a nethack caloulation.
Miote: Includes information and Data supplied by IHS Global Inc. and its affiliates (TIHST); Copyright (publication year) all nghts reserved. .
Prices are the monthly average of the weekly landed prices for the listed month. Updated: sy -17
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Q PennState U.S. LNG Trends

* Brownfield sites vs. greenfields

— Lower environmental cost?
U.S. LNG exports by destination region, Feb.-Dec. 2016

- EX'St'hg SOC|a| |Icense?? billion cubic feet
) 45
— Key components already in place 40
* pipeline, storage, piers ;i m
H 25
* Numerous projects approved z
— All East and Gulf coasts :E I I I
— Some expanding - I I I B I -
— iti i o B o B W B W B B B LB
Additional 20+ in queue F TS S
* Pa na ma Ca nal expanSIOn .ASiLErlces:.ELSj.rgEr?artm:rT IocicliferEgjsglgeb—Or;D;I;?E‘?;:EtlcSa En:rgyol:fsrnf;‘::;nca

Administration (Mov—Dec 2016, Reuters, trade press.

— 11 Mote: Mow-Dec expart volumes are estimated hazed on LNG vesszel size at 100%
m O re L N G Ca rgos t ra n S Itl n g ‘=w.| LRG-carrying capacity. "MNorth America” includes expatts to Manzanilla impatt terminal
— 80% of LNG carriers

cl an Mexico's west coast.
— Expand markets in both Atlantic & Pacific basins
— Reduced time to west coast Mexico regasification from 27 to 10 days

* Crude linked price versus newer “tolling” model based on U.S.
Henry HUb price MARCELLUS CENTER
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@PennState o) d LNG$rO ucers

World's top LNG producers

installed
capacity 0 20 40 60 80 100
(mmtpa) |
Australia
Indonesia
2015 Malaysia
Clatar
|
Australia
Indc-_nes ia
2020

Source: Poyry Management Consuilting
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J sz Non Legacy Development

N OVERALL GAS ACTIVITY ‘
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Q e Better Public Education — Better

Outcomes
« Community of “impacted” stakeholders has

changed

— Local interest and implications

— global influence, distant “ownership”

— So who to engage? Who is the citizen?

Social media has changed the rules, critical now
Value of “social license”

Everyone connected in mobile world

« Expectations for a short message about the science
of energy |

Need to address concerns
« Science-based response
« Transparent process




sz Stakeholder Engagement

« Understanding the
difference in the
guestions asked

— “whether or not’ is
addressed with
broader energy and
public policy
education

— “How to” is covered
with technical and
regulatory dialogue

MARCELLUS CENTER
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I res==“If not this, then what...”

Energy development often described in jobs and
positive economic activity.

Has the community planned for future changes?
Is the discussion inclusive? Transparent?

Are there allowances for changing demographics?
Are there lines that can’t be crossed?

Is the planning comprehensive and reviewed
periodically?
And is it realistic...

MARCELLUS CENTER




Jrms=e  Conveying Benefit vs. Risk

 \WWhat are the reasons for < What are the risks
producing the energy — Separating possible
— Demand for all energy vs. probable risk with
— Economic rewards all energy dev'l

_ New commercial and industrial ~ Vvellbore integ.rity.
development --utilization — Water contamination

— Workforce opportunities * Chemicals

. - : « Methane
— "Bridge” to something else , o
. — Air emissions
 Fossil vs. renewables

- “all the above” strategy — Health
— Geopolitical opportunity — Climate
— Environmental — Gaps in research??

MARCELLUS CENTER

« climate
MCOR




Jres== Workforce and Business Trends

* “Localizing” the worker ShaleNET USS.

Stackable Credential Model

* 75% blue collar/technical

* Front loaded on well’'s
lifecycle T

» Matching demand to
availability of labor = Toe [ o e

 |nstitutional capacity to

Natural Gf;s & Qil Technology Core
train and not
” ” Technician Helper

overproduce
Foundational Skills

* Housing requirements il frnl] el [l L]
and required infrastructure

» Key part of social license MCOR




7™ UpsTREAM WORKFORCE ASSESSMENT TO
DOWNSTREAM UTILIZATION

Engineers . Inspectors Semi-SkiIIe

--Above average wage levels

* strong career

1% - R C a | Offic -
X-Ray Tech ¢ a = B pathways
0%

ey ‘ * 75% of employees

Welders-Hel A i i
elders-Helpers B | require technical
i training -25%

Timber Logging academic

1%
Cartog/GIS
1% o | 153
Paralegal AT Dy N’ '-r o, Tl SR
1% “‘ ' IS |- General Labor
Lawyers
4%

* Percentage Local
Hire: 55+%
--Drilling a single well

requires 420 people in 150
occupations

Geologists
3%

--17 long-term jobs/100 wells
drilled
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PennState

Municipalities Use of Impact Fees in PA(2015)

Impact Fee Use Amount Impact Fee Use Amount
Public - o $0.516
Infrastructure $27.606 million Planning Initiatives -
; million
Construction
Capital Reserve $17.885 million Information $(?.2.28
Fund Technology million
Emergency - Water Preservation & | $0.125
Preparedness Fund oo rler Reclamation million
Amount Not $3.190 million Judicial Services |0.039 million
Reported
Storm Water/Sewer| ¢4 794 million Social Services $0.037
Systems million
Environmental $1.277 million Housing $0.011
Programs million
Tax Reductions | $0.849 million | Career& Technical | $0.005
Centers million




[)remse Key Steps to Engage Stakeholders

Build capacity and fill knowledge gaps

— Create institutional ability to train, repurpose, retool
Encourage community-level participation
Explain trends and demographics

Create environment of reasonable dialogue

One size doesn't fit all —customize community
engagement

Engage early and often
— Creating trust is a multi-step process, not a single event
— Explain true risks and mitigation strategies




Contact Info:

. jtate Marcelms‘f_a_,.." Otige
320 EE&.Bunkiing | =

University
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PENNSTATE

@ Water Usage and Sourcing

* 16 to 24 million liters. per well
(ave.)

60 million liters used in PA
Marcellus per day

— 0.15% of all water
withdrawals in PA daily

40 billion liters/day for all
uses

« Declining amount of water
utilized for hydraulic fracturing
IS trucked

— Strongly trending towards
piped/rail water vs. trucks

. 75%+ is sourced from surface ~
supply vs. wells

« Public transparency??

MARCELLUS CENTER
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Domestlc
Water Supply
152 mep

R
rasff=

‘ i ¥
Irrigation

leestock

61.8 Kgien
,—/%?{:‘
s

Sources: I. F. Kenny, N. L. Barber, S S. Hu 4}/1 S. Llr(se\/,f.l I; Lo,velace and IVI A Maupln 2009. Estimated Use of Water in the United States in 2005, U.S.
Geological Survey, Clrcd{ar 1344 / /4

Graphic update based on: Pennsylvuma ’gler& Boater. PA Fish & Boat Comrmssmn January/February, 2011

*Shale estimate based on 1 ,200 wells pe rwear ;t} 5;11|li,|bn gallons per well = 14.8 mgd total water demand - ~3 mdg of water reuse
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TOPCORP Pilot States
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f7) remsin New Small Scale LNG
Shipments

Mew Fortress Energy to ship containerized LNG to Jamaica
Public Service (JPS), Montego Bay, Jamaica
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