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Benefit to the Program

Environmentally-Prudent Unconventional Resource
Development

Objective to minimize environmental impacts and
Improve the efficiency of UOG development wells.

Technology development activities related to:
— Assurance of long-term wellbore integrity and
— Demonstration of technologies for the effective mitigation of
Impacts to surface and groundwater resources, ambient air
guality/impact, as well as other ecological impacts.
Project includes a field data collection, validation, and/or

demonstration phase



Project Overview:
Goals and Objectives

Project goal: develop improved methods for sealing
compromised wellbore cement in leaking natural gas and oil
wells, thereby reducing the risk of unwanted upward gas
migration through laboratory testing, simulation modeling
and field testing.

 Objective 1: Laboratory testing of MICP sealing, develop a
field test protocol for effective MICP placement and
control.

* Objective 2: Prepare for and conduct an initial MICP field
test aimed at sealing a poor well cement bond.

* Objective 3: Analyze results from first field test, conduct a
second MICP test using improved MICP injection
methods. 4



Mitigating subsurface leakage
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Microbially-Induced CaCO, Precipitation (I\/IICP)
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Lab Scale: One inch diameter fractured shale cores

Permeability over Time
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Methods to Enhance Wellbore Cement Integrity
with MICP
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Laboratory- Wellbore Analog- Visualization

MICP Experiment — 250 um gap
5 days, 5 orders of magnitude




Scale Up
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Wellbore sealing
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Cement channel sealing

Baliler delivery
Concentrated solutions followed by brine
Inject over 4 days
25 calcium pulses
10 microbial injections

3 measures of success
Injectivity reduced
Pressure decay
USIT Logs
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Injectivity
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Mechanical Integrity Test
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Accomplishments to Date

— Laboratory testing to develop injection strategies
— Fleld demonstration with successful results
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Laboratory -Wellbore Analog- Surface Casing

Resistance to gas flow
Subsurface pressures
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Synergy Opportunities I

Mesoscale high pressure vessel for scale up work — radial
flow, samples up to ~70 cm diameter, ~50 cm height

Phillips, AJ, Eldring, J, Hiebert, R, Lauchnor, E, Michell, AC, Gerlach, R, Cunningham, A, and Spangler, L. High pressure
test vessel for the examination of biogeochemical processes. J. Petrol. Sci. Eng. 126, February 2015:55-62, DOI:
5/|.petrol.2014.12.008
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http://www.sciencedirect.com/science/article/pii/S0920410514004136

Synergies M =

BIOFILM
MONTANA

(and Synergy Opportunities) e

s

Additional R&D projects:

« Wellbore Leakage Mitigation Using Advanced Mineral Precipitation
Strategies — Montana State University- (DE-FE0026513)

Possible synergies with other NETL & FE projects, e.qg.

 Wellbore Seal Repair Using Nanocomposite Materials - University of
New Mexico - John Stormont (DE- FE0009562)

 Programmable Sealant-Loaded Mesoporous Nanoparticles for

Gas/Liquid Leakage Mitigation - C-Crete Technologies, LLC — Rice
University Rouzbah Shasavari (DE-FE0026511)

 Bill Carey (LANL) - Wellbore and Seal Integrity
e Others
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Summary

MICP: lab to field

Improve wellbore
Integrity

Commercial interest
Characterization
Additional lab work

Second field
demonstration
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Engineered Applications- Biomineralization

Engineered

Applications

of Ureolytic
Biomineralization |
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Appendix

— These slides will not be discussed during the
presentation, but are mandatory
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Organization Chart

Energy Research Institute
Director: Lee Spangler

Communications

PI: Al Cunningham

Co Pl: Robin Gerlach

Reporting

Fiscal Administration

Co PI: Adrienne Phillips

Modeling MICP MICP Protocol
Experiments Experiments development for
field test
MET Co PI: Richard Esposito Jim Kirksey

Field Test
Planning

Southern Company

Field Test
Execution

Supervision of Field Tests

Schlumberger Carbon Services

Aspects of Field Tests and
Downhole
Implementation




Gantt Chart

10/14 1/15 4/15 7/15 10/15 1/16 4/16 7/16 10/16 1/17 4/17 7/17 10/17 1/18 4/18 7/18 10/18

1.0 Project Management and Planning

Milestone 1 Update Management Plan 1]

Deliverable 1 Project Management Plan ]
Milestone 2 Kickoff Meeting 1]

2.0 Perform meso-scale experiments using a wellbore cement analog ]

Deliverable 2 Final pre-field test injection protocol for the first cement remediation field... 0

2.1 Perform preliminary tests to assess injection strategies to improve wellbore integrity

Milestone 3 Complete construction and testing of wellbore-cement analog testing system 0

2.2 Perform steps to prepare for the wellbore integrity field test [

3.0 Perform First Wellbore Integrity Field Test at Gorgas

Deliverable 3 Develop predictions of the amounts of injection constituents (calcium, urea, growth...

3.1 Prepare well for injection of experimental materials

3.2 Preform MICP wellbore integrity improvement experiment and assess success

Milestone 4 Complete first well bore integrity cement sealing field test

Deliverable 4 A revised experimental work plan for the laboratory wellbore cement analog.

4.1 Analyze all field data from field test 1 as described in subtask 3.2

Milestone 5 Complete analysis of field data from first field test

Milestone 6 Complete design of injection protocol for second field test

4.2 Perform additional laboratory tests using well bore cement analog aimed at improving MICP...

5.0 Perform second wellbore cement integrity field test

]
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4.0 Analyze results from first field test to develop improved MICP sealing strategy e |
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Deliverable 5 Prediction of amount of MICP injection constituents (calcium, urea, growth nutrient)...

5.1 Prepare well for injection of experimental materials

5.2 Preform second MICP wellbore integrity improvement experiment and assess success I::I

Milestone 7 Complete second field testing ﬁl

6.0 Evaluate Results from both Field Test and Prepare Comprehensive Report —

Milestone 8 Complete analysis of laboratory, simulation modeling and field data

Deliverable 6 The final comprehensive technical report will be prepared to describe best practices... #
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Wellbore Analog and Fracture Fixture Experiment

3x concentrated calcium pulses delivered via a perforated pipe inside the clear 6”
wellbore.



Measured height of the mineral precipitation
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Carbonate seal on cement side of the fracture fixture
formed right at the interface of the 0.2mm gap
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