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Presenter
Presentation Notes
Welcome. We are here for three reasons. The Kentucky General Assembly directed the Kentucky Geological Survey to study carbon storage and enhanced gas recovery in shales. Data have been collected and modeled suggesting this concept might work. And now, it is time to work on the details of actually testing the idea by injecting CO2 into a shale well. I’m going to describe the project and progress to date and initiate the discussion on what kind of agreements are needed for site access, monitoring, and injection.



Paradigm

If shale produces gas (CH4), then in 
depleted wells:

GIGO

“Gas In (CO2) = more Gas Out (CH4)”

Presenter
Presentation Notes
The basic idea being tested is that if a shale produces gas, then it should be possible to inject CO2 thereby displacing more gas.



HB-1 (2007), Section 57

• Specifies: “At least one of the wells will test 
the Devonian shale for enhanced gas 
recovery and sequestration potential.”

• Encourages: the Survey to “…use these funds 
to match available federal and private funds 
to the extent possible.”

Presenter
Presentation Notes
The Kentucky General Assembly passed the Incentives for Energy Independence Act in 2007. House Bill 1 charged the Kentucky Geological Survey to test enhanced gas recovery and sequestration in the Devonian Shale and encouraged the Survey to find private industry and federal funding to match a $5 million pool allocated for sequestration research.



Project Outline

• Feasibility
– Data collection, analysis, modeling

• Background
– ESA, MVA

– UIC Permit

• Injection

• Data analysis and reporting
– Model refinement and confirmation

– MVA

Presenter
Presentation Notes
The feasibility study has been completed. The most immediate goal is to obtain a UIC permit and determine what kinds of agreements are needed to conduct the environmental site assessment, background measurements, mechanical integrity testing, and other tasks required for the application for a UIC permit.



Shale Gas Wells in Kentucky

Nearly 8,000 total

98% of gas production from all zones combined
is from eastern Kentucky

Presenter
Presentation Notes
Historic data indicate nearly 5.8 trillion cubic feet of natural gas has been produced. Today there are nearly 8,000 shale gas producing wells in Kentucky with most in the Big Sandy gas field of eastern Kentucky. Eastern Kentucky currently accounts for 98% of gas produced statewide and an estimated 75% of the total production is from the Devonian black shales.



Shale Geology: Fractures

Presenter
Presentation Notes
Shale gas resources occur in continuous, organic matter-rich, fractured reservoirs.



Micro-fractures

Presenter
Presentation Notes
Fracturing in shale also occurs at microscopic scales.



Micro- & Nano-Scale 
Reservoir Properties

Presenter
Presentation Notes
Porosity and permeability in shale occur at micro- and nanometer scales. One nanometer is one billionth of a meter equal to about 0.00000004 inches. 



Devonian Shale Reservoir

• Dual porosity (fractures and matrix)

• Dual permeability (fractures and matrix)

• Organic-rich (up to 25% TOC)

• Eastern Kentucky
– Thickness > 1,600 feet

– Most active and prolific gas producer (75%)



CO2 Enhanced Gas Recovery

• Indicators:
– Adsorption isotherms

– CO2 frac studies

– Long-term production

– Demonstrated in coal

Deep (>=1,000’) and thick (>=100’) shale.

Presenter
Presentation Notes
There are indications that CO2 enhanced gas recovery will work in shales. Adsorption isotherms indicate preferential adsorption of CO2 with respect to CH4. Comparative fracture stimulation studies found faster cleanup and higher gas production rates in wells frac’ed with CO2 rather than nitrogen. Long-term production data indicate significant quantities of adsorbed gas occur in the reservoir. Finally, CO2 EGR has been demonstrated in the Fruitland Coals of the San Juan Basin, New Mexico.



Burk Branch

Rosewood 
02 Bargo

Study Area
KGS 1 Blan

Presenter
Presentation Notes
The Burk Branch Site is located in southwest Pike County, eastern Kentucky. The Rosewood 02 Bargo well is a key well used in the study because of the core, log suite, and core analyses available. Shale rock properties data have also been acquired from the KGS 1 Blan deep saline injection test well in the New Albany Shale of the Illinois Basin. In eastern Kentucky, the shale sequence is thickens eastward with the Lower Huron being the most persistent and consistently completed zone across Kentucky. Note that the Rhinestreet is the lowermost of the organic-rich Devonian shales occurring in the subsurface of eastern Kentucky; the older Marcellus shale pinches out westward along the basin margin before extending into Kentucky.



Key Project Wells

Nominated by Pike County Fiscal Court

Injector
Monitor

Monitor
Blue Flame:

Sidewall Cores
Logs

Area of Review

Presenter
Presentation Notes
The Pike County Fiscal Court nominated a potential injection well, the Interstate #3 Panther Land,  and two nearby wells for subsurface monitoring. The injection well is a cased hole completion in the Lower Huron. This ruled out additional logging and coring to better characterize and model the shale in the injection well. To complement the data available for the Rosewood well, sidewall cores, advanced shale characterization logs, and core analyses were acquired from the Blue Flame K-2605 Batten and Baird well. Rather than the nominated monitoring wells, three Kinzer (Quality Natural Gas, wells highlighted in blue) are active shale gas producers and more relevant to the project.



Available Data
• FMI, ECS

• Φ, k, XRD, TOC

• Thin sections

Rosewood
02 Bargo,

Knox County

Presenter
Presentation Notes
These data were used in compiling shale reservoir models.



Feasibility: Data Acquisition and Modeling

Logging and Coring: Shale analysis lab work:

Summit Engineering
Blue Flame

Pike County Fiscal Court
Crossrock Drilling

Presenter
Presentation Notes
Partners in acquiring well logs and cores include Battelle, the MRCSP, Schlumberger, the Kentucky Department for Energy Development and Independence, and the Kentucky Consortium for Carbon Storage. Chesapeake Appalachia performed the shale analysis lab work. Summit Engineering performed much of the well site work and Blue Flame provided access to their well. Crossrock Drilling was the contractor on the Blue Flame well. Wayne T. Rutherford, Judge Executive of the Pike County Fiscal Court has supported this work throughout.



Blue Flame K-2605 Batten & Baird

• Standard open-hole logs
• ECS (for shale analysis)
• 19 rotary sidewall cores and 

drill cuttings (calibrate ECS)
• Tight rock analysis

Presenter
Presentation Notes
The Blue Flame well was drilled using air rotary tools to a depth of 5,036 feet. 
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Blue Flame K-2605 Batten & Baird XRD & TOC Summary
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Presentation Notes
In summary, TOC in the Blue Flame well ranged from <1 to >5 percent. On average, the shale is dominated by illite and mica (55.8%), other clays (6.6%), and quartz (30.6%). Pyrite averages 3.2%. Other components including carbonate cements (dolomite and siderite) average 3.8%.



ECS Shale Model

Blue Flame K-2605 Batten & Baird, Sunbury Shale
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Presenter
Presentation Notes
The ECS shale model combines the standard nuclear suite with elemental abundances that have been correlated with lithologic components. Clay, quartz, kerogen, pyrite, cement, and other fractions can be determined yielding estimates of free gas and TOC. The interpretation is calibrated by best fit matching with lab data from core analyses.
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Blue Flame K-2605 Batten & Baird, Pike Co., Kentucky

Total clay: 53-68%
TOC: 0.68-5.06%
Φ: 3.7-5.6%
k: 0.056-0.106 μd

After frac: 643 Mcf
48-hour SIP: 570 lbs(SEM)

Presenter
Presentation Notes
Rock eval shows the shale to be a lean source in the upper oil to wet gas window. Porosity ranges from 3.7 to 5.6% and permeability is in the microdarcy range. The well was completed in two zones and the initial open flow after frac was 643 Mcf/day with a 48-hour shut in pressure of 570 psi.



COMET3

• Advanced Resources 
International

• Multi-phase

• Dual porosity

• Dual permeability

• Fractured reservoirs

• Used extensively for 
CBM

Presenter
Presentation Notes
We contracted with Advanced Resources International to use the Comet3 multi-phase, dual porosity, dual permeability simulator that has been used in fractured reservoirs and to model coalbed methane recovery.



Reservoir Model

• 5,384 acres (8.6 mi2) sector model
– 3 offset producers, 1 injector
– 7 area producers

• Grid refined around the injector to estimate CO2

plume extension

• Two layer (based on Interstate 3 Panther Land):
– Cleveland, Three Lick Bed, Lower and Middle Huron
– Lower Huron

• Dual porosity single permeability
– Average of modeled matrix and fracture permeability



Blue Flame 
K-2605

Interstate 3 
Panther

116231

120422
120421

122050

115010

123437

115505

Modeling Project 
Study Area

Presenter
Presentation Notes
Reservoir modeling and simulations were accomplished with the actual well configuration in the study area of southwest Pike County, eastern Kentucky. The area is within the Big Sandy Gas Field and includes multiple shale penetrations. The Interstate #3 Panther Land is surrounded by 3 near offset producing wells (red) and two monitoring wells (green). Four other producing wells used in the model and the Blue Flame well are also shown. 
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Shale Gas Production

• Within 5 miles of injector

• Not commingled

• Early time data available

• At least 60 months

Presenter
Presentation Notes
Kentucky’s publicly available oil and gas production data set was canvassed to identify wells with relevant production data. Seven producing wells within 5 miles of the proposed injector were chosen. These wells were selected because they produce from only the shale (are not commingled), early time data and at least 60 months of production data are available.



History Matching
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Analysis provides 
statistical analog to 

average permeability  

Porosity model:
Φ = ak0.33

Parameter “a” varied

Presenter
Presentation Notes
History matching of production data provides a statistical analog to the average of fracture and matrix permeabilities over the study area. These permeability data were used to derive a continuous model of shale porosity for modeling. These estimates were correlated with available core porosity and permeability data.



Geostatistical Characterization of 
Permeability

NB: 
Modeled k
is average 
of matrix 

and 
fracture

INJ

Presenter
Presentation Notes
Permeability is the main driver of gas production rates with heterogeneous production profiles indicating heterogeneities in permeability.



Full-field Injection Scenarios

• Production forecast 20 years from end of history 
match period

• Case 1: Base case, no CO2 injection

• Case 2: CO2 injection in Lower Huron starting at 
the end of the history match
– 300 tons (minimum test volume)

• 200 ft. thickness
• 1/2 thickness
• 1/10th thickness

– 1,000 tons (maximum test volume) in 1/10th thickness



Production and Injection Design

• Wells producing at 30 psia

• Injection at pressure gradient of 0.6 psi/ft

• CO2 injected only in Lower Huron
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CO2 injection indicates an estimated 15 MMcf incremental production over the base case.



Injector 
location

Plume Extension After 20 Years

Shut-in

Distance from injector:
P120421 – 1,300 ft
P120422 – 1,431ft
P122050 – 1,647 ft

No CO2 breakthrough



Huff-and-Puff Investigation

• Sensitivity analyses to optimize injection, 
soaking and production periods at varying 
layer thicknesses

• No incremental recovery over base case was 
observed 

• Flow-back of CO2

• Increasing soaking period was not beneficial

• Small-volume huff-and-puff  may not be 
applicable



Full-pattern Scenarios for 
Sensitivity Analysis

• 320 acre area

• Thicknesses
– Full, half, tenth

• 300 tons CO2 injected in each
– Minimum planned volume

• Tenth thickness, 1,000 tons CO2 case
– Maximum planned volume



Comparison of Recoveries

Injection
Base Case (no

injection)

Case
Cum 
Prod 

(MMcf)

Recovery 
(%)

Cum 
Prod 

(MMcf)

Recovery 
(%)

Full thickness 
(200 ft. L. 

Huron)

Huff-n-Puff 7.5 0.2

7.9 0.2Continuous 
Injection

43.6 1.4

Half 
thickness

Huff-n-Puff 5.8 0.4

6.1 0.4Continuous 
Injection

33.8 2.2

Tenth 
thickness

Huff-n-Puff 3.8 1.1

4 1.2Continuous 
Injection

22.8 6.5

320 Acres, 300 tons CO2

Presenter
Presentation Notes
Huff-and-puff scenarios failed to indicate incremental recoveries using the expected test volumes of CO2. Continuous injection scenarios showed incremental recoveries over the base case and is the injection strategy to be tested.



Plume Extension in the Lower Huron

Tenth thickness 
case with

continuous 
injection

Incremental 
recovery 
observed

Case FP: 22.8 MMcf (RF: 6.5 %)
Huff-Puff Case: 3.8 MMcf (RF: 1.1 %)

Presenter
Presentation Notes
Simulated injection did not indicate CO2 breakthrough.



Modeling & Design Conclusions
• Averages from production history match are 

in agreement with core-derived values
– k = 1.3x10-2 mD, Φ = 1.5%

• Huff-n-Puff flows back CO2 quickly
– Extended soak times don’t help

– Success not indicated

• Full-field continuous injection potentially 
successful
– Simulated injection of 300 tons in 1.5 months

– Sequestration indicated



Entrance to Site

• Flat area outside traffic flow ideal for staging



Interstate #3 Panther Land

• Well pad will require work to access with 
service rig and logging trucks



Drainage Diversion Around Pad

• Have to maintain
– Ditch (under 

construction)

– Piezometer

– Road right of way



Well Site Instrumentation

Presenter
Presentation Notes
Instrumentation installed at producing well sites requires only a small footprint. Solar panel, battery, and equipment can be pole mounted with minimum attachments to the well head. 



Radio, Sensors, Digital Readout

Presenter
Presentation Notes
The weatherproof box contains a radio, sensors, data logger, and digital readout. For the producing wells, data will be acquired for ambient temperature, gas temperature and pressure, and gas composition (C1 to C6+ and CO2).



Communications Center

• Software and internet 
connectivity

• SCADA
– Real time

– Remote access

Presenter
Presentation Notes
The system control and data acquisition system will be accessible in real time via wireless or satellite communications.



ARI

• Assessment of Factors Influencing Effective 
CO2 Storage Capacity in Eastern Gas Shales

• $200k for logging

• Contract negotiations with DOE

Presenter
Presentation Notes
The Kentucky Geological Survey is participating with Advanced Resources International in a newly funded DOE project to assess factors influencing effective CO2 storage capacity in eastern gas shales. That project includes a request for $200,000 to support logging and assessment of the injection well. The actual budget is being finalized in contract negotiations.



Memoranda of Agreement

• Pike-Letcher Land, access Burk Branch site
– ESA, staging area, well pad

• Interstate, access injection well
– #3 Panther Land

• Kinzer, access producers
– Pike-Letcher Land well #’s 963, 964, 1111

– Sampling, instrumentation, & monitoring

Presenter
Presentation Notes
Several memoranda of agreement are required in order to advance the project.



Near-term Tasks

• Memoranda of Agreement for site access

• UIC Class V injection well permit
– ESA

– Initial logging (CB, CCL and  pre-injection 
reservoir info)

– MIT

• Instrument monitoring wells

Presenter
Presentation Notes
Once the memorandum of agreement is in place for site access, work can begin on compiling the data required for the application for a Class V UIC injection well permit. Another near-term task is to begin gathering background data on the monitoring wells.



Contact Info

• www.kyccs.org

• www.uky.edu/kgs

• bnuttall@uky.edu

• 859-323-0544

Presenter
Presentation Notes
Thanks.
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