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CO2 Enhanced Oil Recovery Life Cycle (CELiC) Model 



Knowledge-Sharing Products = [TVAL
TL)R53RkatoRy

= ANS
| = T AN

Energy Data exchange

Fifth Edition l?—l.‘. l ® . [ 7= DN Y
< L )
canﬁ Me,ﬁ o) Best Practice

Small-Scale & Other/ Manuals
Large-Scale Projects Datasets

North American
Carbon Atlas

— ‘ Partnership
=%t
Regional Carbon ARRA Site
Sequestration Characterization
Partnerships Projects
: ZUSGS 7} cia) Ventyx-
Google L / L / S / “ /
USGS NOAA EIA Energy Velocity

U.S. DEPARTMENT OF

ENERGY




Thanks

ClhiaC
[=]

Dilmore@netl.doe.gov

www.edx.netl.doe.gov/nrap

NRAP@netl.doe.gov

LABORATORY



mailto:Dilmore@netl.doe.gov
http://www.edx.netl.doe.gov/nrap
mailto:NRAP@netl.doe.gov

Carbon Storage Assurance Facility Enterprise [N=|Miya:
TLJ SRR

Address the knowledge gaps for 50-100 MMT CO, storage complexes

* Proposed CO, Source
A Coal-Fired Power Plant

» Perform risk reduction scenarios for site and source
selection and operations of an integrated project S

Perform field testing of risk, geologic storage, e ey . L] 8 Smewec
modeling and monitoring technologies, and injection | AESZ7ZRE = o (S
strategies for storage (50-100 MMT) complex i T o o e
Determine how to address challenges (both %4 e
technical and non-technical) associated with storage

(50-100 MMT) characterization and monitoring

e Other

Integrated CCS Pre-Feasibility
Storage Complex Feasibility
Site Characterization
Permitting and Construction

e North Dakota

"ﬁ U.S. DEPARTMENT OF

©/ENERGY




Carbon Storage Program N=Jom
Addressing Subsurface Challenges and Risk TL

LABORATORY
Well Integrity and Mitigation Monitoring Verification and Accounting (MVA)
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Containment Assurance

Developing integrated assessments of GCS site

performance
Objectives: Develop robust, : N
science-based methods and VN e S
software tools to: o S i
. ) Developing improved characterizations of leakage
* predict containment behavior

effectiveness and leakage risk

e vualuate the etfectiveness of

leakage risk monitoring,
management, and mitigation.
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Modeling Dynamic Risk and Mitigation



Induced Seismicity Risk

Objective: Develop practical
tools to support the
assessment and management
of induced seismicity risk at
carbon storage sites and
identify site characteristics
and operational approaches
to lower seismic risk.
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USGS Forecast for Ground Shaking Intensity from Natural and Induced Earthquakes in 2016

Based on the presumption
earthquakes occur naturally

Based on natural and
0. induced earthquakes
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USGS map displaying ntensiy of potential ground shaking from

Modified Mercalli Intensity
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Shaldng sirng, et by all, minor damage

Shaking moderate, fell ndoors by most, ouldoors by many
Shaking ight, feit indoors by many, outdoors by Tew
Shaking weak, felt indoors by several

natural and human-induced earthquakes. Ther is a small chance {one percent) that

ground shakng ntensity will occur at this level or higher. There s a greater chance {99 percent) that ground shaking will be lower than what 5 displayed

n these maps.
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Talking about tools and protocols here, but there is a lot of good science in development – related to 

Continue development of RSQSim fluid injection scenarios for comparison with forecasting models, and assessment using model quality evaluation approaches
Continue developments on fault permeability laws - Analytical exploration of the application of a second order criterion to describe fault leakage activation below the Coulomb plastic criterion. Finalize a publication on fault permeability laws
Evaluating of permeability evolution in response to fluid injection-induced earthquakes (OK scenario) and active reservoir management performance


Task 3.1 – Real-time Hazard Forecasting
Focus: Improve Short-Term Seismic Forecasting (STSF) tool by testing new forecasting methods  and improving tool usability.
Task 3.2 – Active Seismicity Management
Focus: Study effectiveness of different techniques (e.g. pressure control) for managing seismicity at problematic sites.
Task 3.3 – Probabilistic Seismic Risk Assessment
Focus: Transition NRAP workflow to a practical industrial workflow by partnering with stakeholders in the seismic risk consulting world.
Task 3.4 – Fault Leakage (Deferred to FY19+)
Focus: Targeted monitoring and active mitigation of fault leakage (through, e.g., hydraulic barriers).
Task 3.5 – Seismicity Management Protocal (Prioritized for FY18-FY19)
Focus: Best-practices protocol for CO2 seismicity management, supported by a suite of tools to help stakeholders implement a practical workflow.



Strategic Monitoring for

ncertainty Reduction

Objective: Develop
insights, methods, and
computational tools to
understand the ability of
various monitoring
technologies to detect
system behavior, amidst
uncertainties.
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Modeling of Geophysical Monitoring
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The DREAM tool is an optimization software that determines. = e 4 aa = oS s = 0% s 4y
subsurface monitoring configurations which etect carbon dioxide ° T T T r - r T T T T ° T T T T T
(CO2) leakage in the least amount of time. DREAM reads o 2000 4200 8000 8000 10000 o 2000 4000 6000 8000 10000 o 2000 4000 8000 3000 10000
ensembles of CO2 leakage scenarios and determines optimal
monitoring locations and techniques to deploy based on Hm Hm m
user-identified constraints. These data result in well configurations unknown lacation © known pot location monitoring well @ prof monitoring well

‘with the highest potential to detect leakage and minimize aquifer
degradation in the shortest amount of time.

DREAM was developed as part of the National Risk Assessment
Partnership. For more information see: wwwnetl.doe.gov
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Validating tools and workflows with Field and Synthetic Datasets
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Kimberlina, San Joakin Basin, CA
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Application of NRAP tools
at CaMl field test
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NRAF UpPCT o0UICC MIegidrcQa ASSCSsSIMern
Model (NRAP-Open-IAM)

An open source (Python-based) platform to simulate
long-term, full-system behavior (reservoir to
aquifer/atmosphere) of GCS sites.

Risk Management
and Site Closure
Evaluation

Groundwater aquifer and
atmospheric respo s

s Ot s

Leakage
monitoring ¢
design

(d) Aquifer model

Leakage
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Surface
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State of Stress Analysis Tool
(SOSAT)
Stress probability distribution
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(Savy and Foxall, 2018)

Beta tool available at: www.edx.netl.doe.gov/nrap
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Beta tool available at: www.edx.netl.doe.gov/nrap

Beta tool forthcoming
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The State of Stress Assessment Tool (SOSAT) provides an integrated framework to:
Estimate the probability density of the state of stress at a given point 
Estimate the probability of activating a critically-oriented fault at a given range of pore pressure increase
Based on assumption that a critically oriented fault exists (very conservative approach)



Siirila-Woodburn, E.R., Cihan, A., Birkholzer, J.T., 2017. A risk map methodology to assess the
10 spatial and temporal distribution of leakage into groundwater from Geologic Carbon Storage. Int
11 J Greenh Gas Con 59, 99-109.

Comparison of ETAS 5-day forecast (red) to observed seismicity in Paradox Valley (Bachmann et al., 2014)
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Designs for Risk Evaluation and Management (DREAM 2.0) [N=|MATionaL
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* Estimates time to detection for a monitoring system Tool available at:
* Evaluates and select optimal monitoring designs www.edx.netl.doe.gov/nrap

* Optimizes subsurface monitoring design for a
specified GCS site

* Finds monitoring design (well location and depth, e e L e
sensor type) that yields minimum expected timeto |~
first detection of CO, leakage (E[TFD])

e (Can incorporate budget and operational = =
constraints NRAP T

* Uses ensembles of subsurface simulation B Bk A et

. ° ° = rﬁ}l " I wrence Livermore A5 \W/
 Current release includes groundwater monitoring NEn o Sty < LeRAlmes e s
and ERT; gravity forthcoming

Launch Converter | | Launch Visualization < Back

(Yonkofski et al., 2017)
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