Integration of a CO,
Sequestration System Model
and Diverse Geospatial Data

Using GIS Applications

Gordon Keating, Thomas McTighe, Richard
Middleton, Marc Witkowski, Hari Viswanathan,
Philip Stauffer, Paul Rich
Earth and Environmental Sciences Division,

Los Alamos National Laboratory




The Challenge:
Data — Model Coupling

Developing probabilistic risk assessment model of
CO2 sequestration and potential release —

CO2PENS

Model data elements require stochastic input
values

Connect the model with diverse geospatial data on
regional or national scale — Carbon Knowledge
Base

» Abstract geospatial data to inform non-spatial,
1 stochastic data elements
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Science based decisions must consider dynamic evolution of
fundamental processes to determine system behavior

W - |l «—— system model
—p (probabilistic)
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Continuum
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» Los Alamos Mineral Fluid Experiments and Theoretical Geochemistry

Challenge spans wide ranges in length and time scales
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distributions necessary for risk calculations.
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CO, Transport
from Reservoir
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at Surface
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CO,-PENS: Systems-Level Framework for Analysis of
CO, management/sequestration

« CO2-PENS is
based on the
conceptual
framework

« Each box contains
process models of
varying complexity

Stratigraphic_data

CO2-PENS: Predicting Engineered Natural Systems for Geologic CO2 Sequestration
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Reservoir Data

Reservoir
Footprint (km?)

Reservoir

Thickness (m)

Reservoir Porosity
Mean

Standard Deviation

Reservoir Horizontal

Reservoir Intial

Pressure (MPa)

Max Injection
Pressure (MPa)

Permeability(m?)
Mean

Standard Deviation

le-14

le-14

0

Number of
injection wells
running

\\ i

Reservoir Rock Selector

4

Limestone

Sandstone

Basalt Coalbed

WELL INFO

235

Number of
injection wells
shut off

well
graph

Suggested Horizonal
Permeability (m?)

S5e-14 m2

Suggested Porosity lO.l

16.7 km2

Plume Area
(km2)

Values Used in this Realization

Fixed Vertical
Permeability (m?)

Horizontal
Permeability (m?)

8e-15 m2

Porosity 0.36

1.77e-14 m2

2.69

Percent Full

Back to MAIN
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Model
requires
realistic
input
values,

1deally
provided
by queries
to external
data
sources
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Evolution of data-model coupling

S 1. Manual input of values for model
' data elements (ad hoc data
discovery, multiple steps)

Standard Deviation

Reservoir Horizontal
Permeability(m?)

Mean B . Preprocess geospatial data into *
Standard Deviation ([le- databaSe, queried by mOdel (2
steps)

. Automated abstraction of geospatial
data via GIS tools (select area,
perform spatial analysis, query
Knowledge Base, inform model —

/fﬁ_ ) integrated)
¢ Los Al

HATIONAL LABORATORY

i . .
LA-UR-06-3379 ..ER’:;';;’.'.’;'-}';.'{:.'.-'""" I GISlab
.. =

Los Alamos National Laboratory




CO2-PENS Data Flow

Browse Data
GIS

GIS — Well

selection -

Local database

Spatial Query
of the local

database -

Aél—a] Distributed
# Databases
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Browse Data

GIS
CO2PENS
GIS — Well
~
Spatial Query
of the local

selection

~————
Distributed
Databases

Browse Data
GIS

Data Ov

Zoom

Select Area of
Interest
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CO2-PENS Data Flow
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CO2-PENS Data Flow

Local database
Spatial Query
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Browse Data
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& =& CO2-PENS Data Flow

GIS — Well
selection

Spatial Query
of the local
database

\#| Microsoft Access - [Export_Output : Table]
i Fle Edit View Insert Format Records Tools  Window Help  Adohe PDF

EE k=Y |;-|Llal|"' = |§‘EI|P "-‘|j

-100.93¢ 115

Custom ‘ : .l 5 9818 _-100.941451

-100.937957

geodatabase
generated prior
to each model
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Browse Data
GIS

GIS - Well
selection
Spatial Query
of the local
database

——
Local database
~
Distributed
Databases

Data Elements
by category

Dynamic control
of model flow

Connect to
database via
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CO2-PENS Data Flow
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Data Connection: Porosity, Permeability, Area,
Thickness...

PETRA database, 20 reservoir formations

Export to geodatabase and statistics
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Data Connection: Planetary Boundary Layer

Thickness
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Data Connection: Wellbore Integrity
Quantifying Qualitative Data

Geodatabase schema for well information, built by feature class

geometries and relationships
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Data Connection: Wellbore Integrity

2. Abstract qualitative information into stochastic wellbore
failure parameter, for example OR

Use Age as proxy for well

Casing type: st, 9-5/8 in completion data not readily
depth: 1646 ft available (1.e. electronic)

Cement Seals: 300 ft

Age (completion date): 30 yr

Assume default industry std
well completion techniques

by decade, assign well
Perforations 50 ft integrity score

Cement type: XXX

Integrity Score (1-5). ?
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Moving Beyond Well-Based Data: Interpolation

Probe 3D stratigraphic data at any point for
interpolated reservoir property data

ﬁ?i, ﬁl

GIS rendering of formation top grids and well locations
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Future Enhancements to CO2PENS
Il Include Links to Distributed Databases

Browse Data
GIS

|

GIS — Well
selection

CO2PENS

Local database

Build
Geodatabase
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ga Distributed Database Connectivity

Open Database Connectivity (ODBC) enables the
incorporation of data from different sources
(Regional Partnerships, NatCarb, etc.), likely
supporting different database software and
operating system platforms

ODBC, the MS Access Geodatabase and
GoldSim will allow connections to:

* Oracle
« SQL Server
« MySQL
« *.CSV
o *TXT
« * ASC
« *.DBF

/f{o‘ism
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The Future: Model Connections to NatCarb
Data Portal

Now:
« Distributed data sources, served by NatCarb portal

» Metadata library provides catalog for model
interface

Next Steps: Client Request
e Build links to online data services for automated
model query

« Simulation repository RDEMS NatCarb

Metadata for
Partnerships

VVY

Figure from T. Carr

L
Shapefiles Shapefiles 3§
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Challenges for Data-Model Coupling

e Missing data

 Data 1n non-electronic format (e.g. hardcopy well
logs!)

* Quantifying uncertainty

* Quantifying qualitative information

 Spatial, temporal interpolations

» Diverse data types, structures

 Establishing connections to data sources

 Construction of Integrated modeling / data
abstraction interface (GIS)
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