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Geologic Carbon Storage

* Geologic carbon storage is the engineered
process of injecting captured CO, into the
deep subsurface for permanent storage

* To safely and confidently store CO,,
extensive subsurface and surface data is
necessary quantify

* Feasibility

* Storage capacity
Risk quantification
Cost analysis

Impact to communities/environmental
justice/social justice
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What is the Energy Data Exchange (EDX)?
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An online virtual library and laboratory

A comprehensive data clearinghouse

and system that enables access to data,

tools, presentations, publications, and
promotes reuse

Supports the entire life-cycle of data
curation through private collaboration
and public dissemination

Uses a tiered access approach and roll-
based security

Provides tools to enable data
visualization and query

https://edx.netl.doe.gov/
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Leveraging EDX for Carbon Storage Data —|NATIONAL
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* There is a need to preserve and
efficiently access resources to drive the
next generation of R&D while ensuring
compliance with DOE regulations
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Analyze * Focus shifted in 2015 to =X AdWS A\ Microsoft Azure
& Optimize preserve and curate carbon ~—"
storage data products, both
Integrate ublic and private through
e ; WA

Energy Data eXchange
* Since then, millions of dollars in R&D products
have been preserved and made publicly available
from carbon storage research and projects
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Addressing and Optimizing the N =]|NATONAL
Carbon Storage Data Lifecycle T L R5SRRToRY

Challenge: Finding open-source data to drive spatial and model-based
derivative analysis is not easy nor intuitive

Decision to curate
public geologic
data

Data collection and assimilation:
- Manual data searches
- Automated data searches using

machine learning methods

Solution: We have a standardized workflow for collecting, aggregating,
curating, and producing data products from open-data resources Y

Database development
- Data catalog development
- Metadata preservation

Y
Why: At the intersection of geology and data science is the ability to R
. . . . - Keyword identification
help our end users and ourselves with data visualization, tool - Named entity recognition geotagging
development, and derivative data analysis and modeling Final ,,re,,a,atio..of*data for publishing:

- Integration of NLP results with metadata
> - Data cleaning and preparation for upload
- Quality assessment

y

How: Through deploying a data lifecycle workflow that integrates

artificial intelligence (Al), machine learning (ML), and Natural Language i e on EDX and in Tools

Processing (NLP), and producing tools that enable data discovery and . *

Intera Ctlon Data used for Data used for
derivative analysis CCS site screening

i NN




Carbon Storage Data Collections N=|V)TONAL
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Data on EDX
* 3185+ public data resources on EDX related to carbon storage
* 100+ TB of seismic data on private servers (going cloud)
» 8+ field projects represented, with two benchmark datasets:
* |llinois Basin Decatur Project
* FutureGen 2.0 Dataset

R Example of lithologies identified for
NATCARB Saline 10 km reservoir units

NATCARB Saline 10km 2022
Lithology

Greemil 7] Clasties

o Atlan! [ Combined Clastic/Carbonate

[] Combined Clastic/Carbonates

The National Carbon Sequestration Database (NATCARB)
* Reservoir data for deep saline, unminable coal, and depleted
oil and gas reservoirs

» 10km grid layer containing properties for each formation ] . Spatial Data Availability Heat Map
. . . Carbon Storage Open Database
* Key reservoir property data at different spatial scales - — T
] il | et ston
- o
Carbon Storage Open Database: | - !
. . . . \
» 800+ Shapefiles (Lines, Polygons, Points) and Rasters available = g
Vs 7 @ENERGY | Ui
on EDX’s GeoCube \ ==
- N . <1000
* 1846 text-based documents on EDX ™ WA N | S =
 1000s of additional resources published to [l YW Q. . A S =
Energy Data exchange L B Joundigas | TEEERERIETAGES o
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The Carbon Storage Open Database = [ENERay
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* How do we leverage and curate all the different types of data into a
single resource?

* ML and NLP can be used to improve collection, movement, storing,
exploring, transforming, aggregating, and labeling of data

Public data collection from

expert-driven research and Text-based data 4 I

leveraging “smarter” Spatial data .

ML/NLP search tools Informatu.)n
and data is

Carbon Storage

[ ML/NLP tools to increase data J extracted for

discovery Open Database - further use in
analytical
e Ty e e 0 o ot S e tools and
platforms
Download Data Collection K /

EDXSPATIAL |
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NLP Unsupervised ML for Document N=|NAToNAL
Classification TLJRERRSky
Problem: 1800+ documents were collected

from public resources but needed to be
organized prior to publishing on EDX

Save Dictionary
and Corpus to
File

Import Text and Create
Dictionary &
Corpus with Gensim

A

PostgreSQL
Database

' Python
Document "* Data
Files _ L

Conversion

Solution: NLP topic modeling

* Latent Dirichlet allocation (LDA) model
based on corpus of 2071 text-based
documents

syndu| 4N painionasun

Compleated on Local Desktop PC

* Topic names assigned by subject-matter

experts : Set number of -
P Dictonary and tgpli-::l;Tot?\;? Create LDA Test LDA Opitmal Yes
i ifi 0 Corpus to File > > Model *| Coherence ki
* Each document is classified by % of each P pa';'ayrgg;érs ode Topics/Model
topic it’s associated with 1
e Each document has 50+ keywords Ad{ust number of Save LDA Model
. .po . . opics/other to File
identified and can be associated with oyper No
metadata on EDX Completed on NETL Watt ML Cluster
* Parse geographic location to associate >
with egachgdogument when possible Al Sopics Using. Query
- Load LDA Model » and Name »{ Topics Using |«
P o o%e Topics 1-9 LDA Model Documents P aae
N=TL
J SmartParse Wiite Topics
» or Sub-topics
Morkner et al. 2022. Distilling data to drive carbon storage insights. Loop Through All Documents in Database to Database
Computers & Geosciences, https://doi.org/10.1016/j.cage0.2021.104945 Completed on Local Desktop PC
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https://doi.org/10.1016/j.cageo.2021.104945

Results: NLP
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* Produced a nine topic LDA model — grouping similar papers
* Produced keywords associated with resources roundwater aguifer .
and target reservoir Petrophysica
H M M B ot Analysis (wellog
* Geographic location recognition Stesereening and cassfcaton .
. . . modelingj\ - 347
* Papers published in groupings to EDX 1517\ A
P — Water Analysis
LDA_nt9_ALL_AUTO.htmi#topic=6&lambda=1&term= N = T L 203
Selected Topic: 6 Previous Topic | Next Topic || Glear Topic | Shdet‘]adju:t: ,j.mm metric:(2 R E J s m a ri P a rs e
Intertopic Distance Map (via multidimensional scaling) Top-30 Most Relevant Terms for Topic 6 (11.5% of tokens) RESUU rce
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Updating public data collections in E
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https://edx.netl.doe.gov/dataset/carbon-storage-open-database

Workflows such as this have enabled action- N=|NATONAL
orientated science under BIL work EDX 4CCS R M

Energy Data exchange
N_ NATICCJ;NAL °
TL[EsHnoLocy RokBase i N
RokBase
Tlppens 6H %
lonroe County, OH, Unite: tates

API: 34-1M-2¢ 4358

CCS Pipeline Route

Planning Database

Containing >90 gigabytes of data
representing critical considerations
for the spatial routing of pipelines

;.0 7 s% andtransport of CO2

L1 Virtual portal and tool for users to access,
explore and query available core and rock
property data collected from carbon
storage spots across the U.S.

(2 ENERGY CO:-LOCATE

CO,-Locate Database CCS EJ-S) Database

4 , i Sop 27 | o
Nat|0na| We” Database & C|aSS II We” o = X ! Social and environmental justice o it
Reuse and Regional Evaluation Tool built ™ » " database aligned to carbon storage ©
to support site selection, risk analysisand .-~

i systems to aid in decision making
other stakeholder needs Well Density where Tota around key future infrastructure ﬂ
Vertical Depth is 2,500 — 5,000 ft

s s otk e placement & more B

| s s CS Technical Viability Database V0.1
CIaSS VI Data Squort TOOI &% 8 Geodatabase of geologic, geophysical,
Geodatabase of spatial data layers to @i; g ZE:::'[CL:S:] QZ:;glc;grlzt?:srgy
support the initial development of EPA 8 infrastruct,ure |0Féa| oolitical
Underground Injection Control (UIC) %‘ “boundaries, cé)mmunity and
Class VI permits = environmental data
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https://www.rokbase.org/
https://edx.netl.doe.gov/dataset/class-vi-data-support-tool-geodatabase
https://edx.netl.doe.gov/dataset/co2-locate
https://edx.netl.doe.gov/dataset/co2-locate
https://edx.netl.doe.gov/dataset/3d3133aa-dabb-41c3-a39a-3ffd28d91fa4/resource/f5b9fc05-b74a-44a1-9ff6-03b237d99e25
https://edx.netl.doe.gov/dataset/3d3133aa-dabb-41c3-a39a-3ffd28d91fa4/resource/f5b9fc05-b74a-44a1-9ff6-03b237d99e25
https://edx.netl.doe.gov/dataset/ccs-ej-sj-database
https://edx.netl.doe.gov/dataset/edx4ccs-carbon-storage-technical-viability-database-version-0-1
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