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Benefit to the Program

* Develop technologies that will support industries’ ability
to predict CO2 storage capacity in geologic formations to
within £30 percent.

« Conduct field tests through 2030 to support the
development of BPMs for site selection, characterization,
site operations, and closure practices.

« The research project is testing the potential for enhanced
coalbed methane (ECBM) and enhanced gas (EGR)
production and recovery

« The technology, when successfully demonstrated, will
provide guidance for commercialization applications of
ECBM and EGR
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Goals and Objectives

* Objectives:

= |nject 20,000 metric tons of CO2 into CBM wells over a one-
year period in Central Appalachia

= Perform a small (approximately 300 tons) Huff and Puff test
In a shale gas well

* Duration: 4 years, October 1, 2011-September 30, 2015
* Goals

= Test the storage potential of unmineable coal seams and
shale reservoirs

= Learn about adsorption and swelling behaviors of coal and
shale (methane vs. CO2)

= Test the potential for enhanced coalbed methane (ECBM)
and enhanced gas (EGR) production and recovery

= |mprove knowledge of unconventional and stacked storage
systems (coal and shale)
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 Virginia Center for Coal and Energy Research (Virginia Tech)
e Cardno Marshall Miller & Associates

* Gerald Hill

e Southern States Energy Board

* Virginia Department of Mines, Minerals and Energy

* Geological Survey of Alabama

e Sandia Technologies

* Det Norske Veritas (DNV)

e Consol Energy (Research Group)

Industrial Partners
e Consol Energy (CNX Gas)
* Harrison-Wyatt, L.L.C.
* Alpha Natural Resources
* Dominion Energy



Project Timeline ——>

Phase | Phase Il Phase Il
18 months 18 months 12 months
(10/1/11 - 3/31/13) (4/1/13 - 9/30/14) (10/1/14 - 9/30/15)
«Characterization *Site preparation *Site closure
— Drill char. Well — Conversion of — Conversion of injection
— Core sample analysis production wells and monitor wells
— Modeling — Drill monitor wells — Site restoration
— Baselines for monitoring — Install additional *Post-injection
-Injection design monitor stations characterization

-Monitoring design .COZ Injection — Data analysis and

_ (10/01/2013-09/30/2014) interpretation
— Well locations ) ) .
— Geophysical surveys *Monitoring - POSt_-mJPTCtIon
phy y _ Atmosphere monitoring

« Go/no go 1: permits, access
(12 months)

« Go/no go 2: characterization — Reservoir
(18 months)

— Reservoir modelin
— Surface g

Ongoing: Management and Planning, Risk Analysis and Assessment, Characterization,
Modeling, Monitoring, Education/Outreach
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« CONSOL Operation

* Mineral and Surface Ownership
* Access

* Production

« EUR

* Depletion

* Depth

e Structure

« Continuity

« Regional Seals

 Faulting

* In-Fill Wells

« Perforations, Stimulation and Breakdown (Frac Records)



CBM Injection Test Sites
Russell and Buchanan Counties, VA
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CO, Injection Decline-Curve Analysis
Phase Il Injection Well RU-84 (BD-114)
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Aerial View of CBM Site and CO2 Transport Plans
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Decline Curve Analysis
BU-1923 (DD-7)
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CBM Injection Test Site
Reserves and State of Depletion
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Pocahontas No. 9
Structure Map

Pocahontas No. 9 Structure

POCAHONTAS NO. 9 STRUCTURE ISOLINE
0/ C.|.= 25FEET
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Cross Section
Location Map

Cross Section Location

A A'
@i LINE OF CROSS SECTION

SURFACE FAULT

POCAHONTAS NO. 3 DEEP MINE

CNX GAS CBM WELL
EQUITABLE CBM WELL
GOB WELL

@
&
®
(O INJECTION WELL CANDIDATE
CROSS SECTION WELL




Cross Section Inset A = A’
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Net Coal
Isopach Map

(Upper Horsepen to Pocahontas No. 1)

Net Coal Isopach Map
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Overview of Reservoir Modeling

 Preliminary Reservoir Modeling — Single Zone
— ARI's COMET3

* Detailed Reservoir Modeling
— ARI’'s COMET 3 — Four Zones (3 Injection, 1 Production)
— Computer Modeling Group’s GEM Program — By Seam

 Coupling GEM with FLAC3D for Geomechanical Modeling
(Poster Session)

GEM Model FLAC3D Model |
I ko, &, Po, Coo, ' Results:
o Wall v I | ..
gas

|
production,
etc.

kol ¢I POI C@OI
o,¢, P ‘ Geomechanical

Data




Thickness Modeling - Challenges

WELLA WELLC WELLB WELLA WELLC WELLB

ZONE 1
Produced

CH,, No
Injection of
CO,

ZONE 2
Produced
CH,, Injection




Modeling Methodology

1993

l

Present

Start of Injection—October 2013 }
End of Injection—October 2014

Monitoring Period — 1 and 4 Year



Key Reservoir Modeling Inputs for
Preliminary Model

Initial Gas Content = 400 ft3/ton
Initial Permeability = 8md/4md
Pressure Gradient = 0.3 psi/ft
Half Fracture Length = 650 ft
Coal Porosity = 1%

Producing Coal Depth = 1800 feet

Total Coal Thickness = 15 feet




Initiation of Injection
Well Candidates: DD

, October 2013
7, DD7A , DD8
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DD7,DD7A, DD8
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After 20,000 Tons Injected
Well Candidates: DD7, DD7A , DD8

. Well Candidates S Well Candidates
DD7,DDT7A, DD8 DD7,DD7A, DD8
5 10 15 20 25 30 35 40 45 50 55 60 A5 70 75 80 B85 90 95 Y 5 10 15 20 25 30 35 40 45 50 55 B0 65 70 75 B0 85 90 05
1 T f

5 5
10 H Sin B 10

] N
15 o 15

T
20 ! 20
258 3 25
30 fEH 30
HEER .Eﬁ':_

35 i 35
40 H AR o 40

II_II HERE
45 R
50 50
55 55
60 i B0
65 65

1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 B85 90 95 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 B0 85 90 95
Matrix CO2, scficuft Sorbed CH4 Recovery, %
0.0000 3.0000 6.0000 9.0000 12.0000 18.0000 240000 0.0000 12.5000 250000 50.0000 750000 100.0000

Matrix CO2, scf/ cuft Sorbed CH, Recovery, %




End of Injection, October 2014
Well Candidates: DD7, DD7A , DD8
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4 Years After the End of the Injection, October 2017
Well Candidates: DD7, DD7A, DD8
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ECBM after 1 and 4 Years Post-Injection:
22 — 106 MMcf
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Accounting (MVA)

MVA focus area
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Monitoring Well Candidates

MVA program features

 2-3 monitoring wells,
depending on:
— Access
— Anticipated plume
growth

— Tests to be conducted
(VSP/crosswell
seismic)

— Future well utilization
(conversion or

plugged)
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Offset Well Testing

MVA program features

 2-3 monitoring wells,
depending on:
— Access

— Anticipated plume
growth

— Tests to be conducted
(VSP/crosswell
seismic)

— Future well utilization
(conversion or

plugged)

» Offset well testing
— Pressure
— Gas content
— Production
— Temperature
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Surface Monitoring Stations

MVA program features

 2-3 monitoring wells,
depending on:
— Access

— Anticipated plume
growth

— Tests to be conducted
(VSP/crosswell
seismic)

— Future well utilization
(conversion or

plugged)

» Offset well testing
— Pressure
— Gas content
— Production
— Temperature

« Surface test stations
— Soil gas composition
— Groundwater tests

— Microseismic array

— Surface deformation
measurement

— Isotope and Tracers




L VirginiaTech o T
Trene Monitoring, Verification and

Accounting (MVA)

MVA program features

*2-3 monitoring wells,
depending on:
— Access

— Anticipated plume
growth

— Tests to be conducted
(VSP/crosswell
seismic)

— Future well utilization
(conversion or

plugged)

© Offset well testing
— Pressure
— Gas content
— Production
— Temperature

[ Surface test stations
— Soil gas composition
— Groundwater tests

— Microseismic array

— Surface deformation
measurement

— Isotope and Tracer
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DD7 DD7A DDS Invent the Future
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West Virginia Targets: Lower Huron Shale
Virginia Targets: Lower Huron Shale
Tennessee Targets: Chattanooga Shale

Selection Criteria

— Ownership / Access

— Vertical vs. Horizontal

— Co-Mingled Production

— Production

— Depth

— Structure

— Liquids Production

— Completion and Stimulation




Lower Huron Shale
Cross Section Location Map
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Cross Section A-A’ Inset
McDowell County, West Virginia

Lower Huron Shale
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Depth to Lower Huron Shale

Shale Injection Well
Candidates

Depth to Base of Lower Huron Shale

A CNX GAS SHALE INJECTION CANDIDATE

' BASE OF LOWER HURON SHALE
DATA POINT

BASE OF LOWER HURON SHALE ISOLINE;
#5000#  CONTOUR INTERVAL = 100 FEET

SURFACE FAULTS

BASE OF LOWER HURON SHALE
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Chattanooga Shale Study Area

Chattanooga Shale

Kentucky Study Area Virginia

North Carolina

Asheville

A
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Generalized Geologic Map of Tennessee
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Cross Section Location

Injection Well
Candidate
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ZIVirginiaTech

Invent the Future

Accomplishments to Date

— Completed Geologic Characterization for CBM Test Site

— Preliminary Geologic Characterization for Shale Test
Site

— Site Selection of 3 CBM Wells for Injection

— Access Agreements for CBM Test completed

— Access Agreements for Shale Test under review

— Conducted Risk Workshop and developed Risk Register

— Performed preliminary reservoir modeling analysis and
assessment

— Initiated Core Testing Program
— Initiated Public Outreach Plan
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Task Name

Deliverakles

IFln:Iing

FY 2012 Fyn2g13

FY 1014

Task 1.0—-Project Management and Planning

Uigeited Propeet Mt geror Plan

§T41,678

Task 2.0--5ite Selection and Acoess Agreements

2. 1=Initial Site Screenmg and Selechion
2. 2=Leaves, Agresments, Permuftmg. etc

2. JeCutrench and Education

Sow Sabaction hiemo and Acoe
3, presmen

L0 Procuremesi Pl
Permesting Amen Pln

Publyc Creneach Plag

00 518

FY 2015

Task Y0-—-Site Chavacterization, Medeling, and Manitoring

3. 1—Dreetailed Geoboge Claracterization
3. 2—Reservoir Modeling

3 3=Exploratory Characterization and Mondtenng Wells

FA=-Monitlerng. Venfication and Accountug

Sate  larachermatioe, Mlodeling. xad
noniioneg Fln

Camaleg of Well Lags File
wiedl Dirilling aesd nsnalloson Pl
A Flin

3217450

Task 4.0—-Risk Amalvsis

4. 1—Drevelop Risk Register
4. 2—Drevelop Risk Assessment and Mitigation Plan

A 3=-Management of Risks

A A=Update and Feassess Pusk Plan

Beik miseiimenl ind oefigalios plas

Task 5.0 Injection Design and Planning

5. 1=Test Site Operations
5, 2=Dhesign nf‘.‘-[ml.u:mmg Wells
5. 3—Dhesign of Injection Wells

Sute Developiient Opeiabions asdd
Clowrrs Plan

Task 6.0 Pre-injection Site Preparation

6. e omversion of Production Wells

. 2 omversion of Charactenization Momitoring Wells
&, 3=Constraction of Facilities

&, 4—Monitonng

[eplerscelaivn Siaks Repart

1,978,470

Task T.0--Lnjection Operations

T le=lnjection Tests

T.2—Reservor Monitoring

T A=-Surface Monitoring

T d=Reservor Modelmg and Venfication

[P —
M remm Menio

54,090 028

Task 8.0—Post Injection Monitoring and Awalysis

Lipdaied Siiw Clarsctsnzabon
[ Ml céaly Pl

& 1—-Post-mgection Monitoring
& 2—Inerpretation and Assessamnent

Task 9.0--Closeont Reporting

9 1=Closure of Sire(s)
9. 2—Feporting

Comrneeciabosbion Plan
Bamt Pracfires Plan

16057

5767554




