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Abstract

The temporal and spatial scales involved in carbon sequestration studies require integration
of numerous sources of disparate information for decision making and performance
assessment. A well-formulated cyberinfrastructure design ensures this integration by
providing access to information, problem solving capabilities, and communication. This
carbon cyberinfrastructure has five major elements: 1) a knowledge base, consisting of key
geospatially referenced databases; 2) links to relevant data sources available through
measurement, monitoring, and verification (MMV); 3) links to process models (data/model
integration, model coupling); 4) links to higher-level integrative models (system dynamics);
and 5) links to computation services, in particular geographic information system (GIS)-based
capabilities for analysis and visualization (GlServices, decision support).

We are developing a GIS-based decision support system (DSS) for carbon sequestration
studies that examine critical pathways for CO, release, specifically borehole failure. The
knowledge base links diverse empirical data (e.g., borehole locations, cement degradation,
and material properties) with physics-based models of flow and CO, reactions to simulate
borehole seal failure and the resulting environmental release of CO,. The methodology for
our performance-based decision analysis framework relies on well-defined data models
derived from the requirements of component process models. The DSS supports evaluation
of spatial and temporal variations in borehole failure as a result of geographic, geologic, and
engineering conditions at different boreholes. The data and process model results are
abstracted and aggregated to serve as input for system dynamics models that allow decision
makers to evaluate critical economic and health impacts of potential CO, release.
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|. Carbon Cyberinfrastructure:
The Knowledge Base

Carbon Cyberinfrastructure = integrated computing environment that provides
access to carbon science information, models, problem solving capabilities, and
communication
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Il. Case Study

Borehole Integrity Modeling and CO, Migration,
SACROC Unit, Texas

Kelly-Snyder Field

[Horseshoe Atall Play | SACROC Unit
s i Horseshoe Atoll Play

Thirty years of CO, injection for enhanced oil recovery provides an excellent analog for proposed
sequestration of CO, in depleted oil reservoirs. LANL studies include lab studies of lateral reentry
drill cores (cement, casing, caprock, reservoir); autoclave experiments on cement; batch brine-
cement-CO, reaction modeling; CO, transport modeling; monitoring, measurement, and
verification (MMV) R&D; and GIS data-model integration for decision support.



At the core: the Knowledge Base:

» Database tables and linked flat files
» Consistent data sources for analysis,
modeling, and reporting

ZERT = Zero Emissions Research and Technology



Overview of Flow of Information within the Borehole Integrity
Modeling and CO, Migration Study
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A. Synthesize Field and Laboratory Data
in Knowledge Base

[ Experimental Studies ]

Core from lateral drilling through
well casing-cement-caprock-
reservoir in injection and
production wells

Sample #6543 Autoclave for investigating
. CO,-cement reaction at

XRD analyses of cement and host rock
from SACROC core




B. Build Scenario Library Using
Models of Borehole Failure and
CO, Flow (Part 1)
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GIS-based LITHOLOGIC LOG tool constructs local stratigraphy based on borehole
location and geologic layers; provides tables of formation top and bottom elevations



B. Build Scenario Library Using
Models of Borehole Failure and
CO, Flow (Part 2)

Model of Seal Failure and
Flow within Borehole
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Potential leak pathways along an abandoned well; interfaces
between formation rock, cement seal, and casing are
emphasized (adapted from Nordbotten et al. 2005)



B. Build Scenario Library Using
Models of Borehole Failure and
CO, Flow (Part 3)
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B. Build Scenario Library Using
Models of Borehole Failure and
CO, Flow (Part 4)
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B. Build Scenario Library Using
Models of Borehole Failure and
CO, Flow (Part 5)

Model Warehousing

Model documentation
(metadata) using XML



C. Provide Decision Support
Based on Probability of CO, Release and System Behavior
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IVV. Conclusions

> GIS provides framework for decision support cyberinfrastructure: data
management, model pre-processing and coupling, and visualization.

> Knowledge Base integrates field and laboratory data, MMV, and numerical
modeling.

> Systems Models abstract higher level behavior: risk assessment, management

options, and economics.

> Borehole integrity case study integrates data and models for evaluation of
potential CO,-release pathways at SACROC Unit.
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