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Research is data-driven /~  Thevirtual spatial and N
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* Millions of dollars in R&D subsurface (VSS) data TE EEC:E%TLSW
products are now publicly framework seeks to address the
available from carbon storage needs of the community
efforts through Al/ML enhanced
* Thereis a need to preserve and methods via DOE’s virtual data
efficiently access those \ library and laboratory, EDX /
resources to drive the next Micro Regional

generation of R&D

Employing “smart” search tools
to include open resources
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(Using Al/ML, millions of data features and R N=|nAnonaL
attributes have been integrated and preserved T L |EGHNOLOGY
across the USA in support of advanced carbon

\ Storage projects y

This effort has already aided SMART-CS, and
outside entities (e.g. major industry operator) to

drive subsurface modeling, machine learning, and
insights for a range of end user needs

EDX supports:
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RCSP, CarbonSafe, NRAP data ingestion

Data mining to aggregate authoritative, open source
resources relevant to CS researchers

Integration of other FE resources

Access, visualization, and interaction with CS data
collections via NETL EDX mapping platforms Natcarb Viewer

and Geocube
Reuse of data by new FE projects via EDX Collaborative
Workspaces and more...




Decision to make 2016: CS program invested in helping their funded projects:

carbon storage data

available e Curate their data products Y
NOLOGY
RATORY

* Explore and transform data into data products
/ s el / * Integrate data into databases with FAIR standards
N D

ATCARB, NRAP and CSO

| 2016-Present 2018- 2019: Data rescue efforts
/ v / / Automt.ted ot RCSPs contribute data to EDX and for WESTCARB

Manual expert-driven search using -
data searches SmartSearch and pUSh pUblIC

python scripts
I

¥ Implement machine learning and natural Ongoing efforts to curate
Data catalog development language processing to: and catalog data:

Database development

Data processing and 2017: Virtual Sub Surface first envisioned and ¢ Development of NRAP
integration proposed data Catalog
Y : :
Natural language processing 2017: SmartSearch, in beta testing, gathers * Development of Carbon

Document geo-tagging and extracts relevant resources Storage Open Data
Data theme and keyword . . Catalog and Database
identification and classification 2019: Natural Language Processing labeling
* Development of Groups

¥ and topic modeling {
: for data curation on EDX
IS ELED RIS R 2019: SmartParse, in development, created

Y 2019: Living Database development
Data cleaning 2020: Geotagging development

Quality Assessment

All these results in:

, Publishing of large amounts of datafpublicly on EDX to
o et Data publishd support missions across the FE portfolio
Integration of data into GeoCube and Keyword search on

¥ Y EDX for enhanced searchability
Data used for D vl e Use of Living Database to continually update data

CCS risk modeling CCS Site Screening
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Decision to make
carbon storage data
available

The life cycle of data
from collection to
release to utilization Z Dato collecion enc /

ATCARB, NRAP and CSOD
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Automated data
/ Ma”::t'ae;?fféhi;f"e” / / SmartSearch and / Data for CS applications

USE Of python scripts
for data Data catalog development undergoes a proceSS:
o . Database development H
curation and collaboration Osta procesang ng * collection

cataloging
metadata development

=

Natural language processing
Document geo-tagging
Data theme and keyword

The being

pu blished identification and classification quality assessment
* [ ] [ ]
Metadata generation pUthhIng
to Increase 3
Data cleani
and N g
Kl'hen can data be reused for CS\
Creation of S Tt applications such as modeling,
. model outputs EDX — . . . .
Morkner, P., Bauer, J., Creason, C., Sabbatino, on simulations and site screening
M., Wingo, P, Greenburg, R., Walker, S., . .
Yeates, B., and Rose, K., in review, Distilling Y Y fOf pFOJECtS like SMART-CS and
Data to Drive Carbon Storage Insights, Data used for Data used for
journal: Computers & Geoscience CCS risk modeling s Sl Sarmsiing \N AP /
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EDX Supports the Entire Life-Cycle of Data
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A Product of NETL

 EDX supports the entire life-cycle
of data, presentations,
publications, and tools.

 EDX has evolved to meet the
needs of the DOE FE user
community.

* EDX ensures users and resources
within the platform align to
Federal and DOE regulations and
policies 2

 EDX is utilizing technologies such
as machine learning, natural
language processing and its very
own Smart Search to enhance
user data discoverability,
integration, labeling and
transformation.

edx.netl.doe.gov

N,

Private Collaboration/Public Dissemination

LIH .

Index, curate, age, track,
6 provenance

1 E-i ACQUIRE PRESERVE
Collect data from sensors,
experiments, simulations, geospatial
assets

5
E WMV c
= VA
Upload to EDX 2 4 Eizsnir:ti:ate, aggregate,
v — |
3 [¥Z] cLean 3 4

Organize, annotate, package, Anaylyze, mine, model, learn, infer,
filter derive, predict

www.presentationgo.com

ATIONAL
NNNNN
LABORATORY



= AN

Tiered Access Using Role-Based Security = VN

A Product of NETL

* Published data with a citation
e Registered and non-registered
users have access

Public

DOE_Only 000000000

DOE-Only Workspaces * Semi-private data
PR e All registered users from DOE

Labs and DOE HQ have access

e Semi-private data
e All registered users from NETL
have access

* Private data m e

* Admins add/remove registered
users and assign roles

DEPARTMENT OF N= NATIONAL
ENERGY
ENERGY | YD
LABORATCRY



Find, Sort, Visualize, and Interact with Data
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A Product of NETL

Q Search

Submissions within the public search on EDX
provide access to many forms of information
including but not limited to presentations,
publications, tools, and data.

Submissions within the public search on EDX

can be sorted , by ,and
connecting users to the appropriate

data and information quickly and efficiently.

Submissions within the public search on EDX
can be clustered into Groups of related data.
Some popular EDX Groups include the

7

, and various

Tools X

EDX Tools provide access to, management of,
and interaction with data through a collection
of tools including CO2 Screen, Natcarb Viewer
2.0, CSIL and NRAP Tools.

Spatial @

EDX Tools like Geocube, Natcarb Viewer, and
Blosom allow users to find, sort, visualize, and
interact with geospatial data.

Visualize <{®

EDX Tools provide visualization of data through
various tools including ParaView, Papaya, and
RokData (coming soon).

www.presentationgo.com




== INATIONAL
e [ENERGY

Types of Carbon Storage Data TSRS

Text-based Data
Documents
Publications
Spatial data: Power points
Shapefiles (field, Memos
basin, regional Posters

scale)

Datasets HUNGRY ..HUNGRY

Models Other types of data:
* Tools
* Applications
 APIs

Feeding the data hippo!
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Carbon Storage Data Curated “To Date...”
these numbers keep growing

 1.7TB source data
3065+ resources .
e 879 Published EDX resources
 632.8 GB of Published EDX
resources
e 3,185 open data resources
>4 million federated spatial data
records
BSCSP and PCOR EDX on track
SECARB EDX data ingestion at
Cranfield CCS site complete and
pushed to public
MRCSP & MGSC in progress

RCSP Data by the #’s: -/|1
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Curation to date:

 19sites cataloged -
7552 records including 6241 spatial IVR.A_P
Cataloging includes open source —
publications, data, and EDX submissions
Catalog will be integrated into EDX by end
of September
Continual updates to catalog as new
resources are published on EDX

Carbon Storage Open Database:

Scraped from public websites
and ArcREST servers

315 Spatial layers in EDX’s
GeoCube

1846 text-based documents
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RCSP Collaborative Workspaces g%

RCSP public and private resources have a combined
total of 3,065 resources and 1.72TB of data.

CW Name #'o'f Submlssmns. # of Resources Data Usage Submissions Resources Data Usage
Waiting to Go Public
Big Sky 0 87 1000.1GB I 31 101 600.3GB
GOM-Carb 15 33 277.2v8 | i i i
MRCSP Phase 1 0 4 32.7MB I 3 4 32.7MB
MRCSP Phase 2 27 71 2.0GB I 17 17 334.5MB
MRCSP Phase 3 15 56 70.39G8 | i i i
PCOR Master Workspace 20 1377 4.4GB | 120 711 1.9GB
SECARB - Anthropogenic 153 550 3.38GB ‘ _ _ _
Test
SECARB - Early Test 0 0 0.0GB | 17 37 30.2GB
Southwest 0 6 33.1v8 | 3 9 53.7MB
WESTCARB 0 2 1.2GB I - - -

) ENERGY | [T *updated 8/25/20



Use of Al/ML Tools for CS Data Curation coooe

LABORATORY

Challenge: Making available data discoverable, searchable, and easy to reuse

Solutions: N=TL

e Open-source efforts Smart T oot
* Cataloging for metadata extraction and preservation & Optimize )

* Geographic database development to make o Integrate & Label

80% of time is spent

acquireing, curating,
labeling and

organizing data

) and training data)

searches easier (

Explore & Transform

* Natural language processing for text-based resource = (€ron e andvseiznen
classification, organization, keyword identification Vove & Store
(metdata building) and geographic association (for (Collaborative data management)

searchability) ﬁ |§ET|_ o
mariParse
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o . Spatial and Non-Spatial PDF records on EDX related to Carbon Storage
* Scraping of data from public s 207 T
websites 5 1500 1300 §
* Development of Carbon Storage § 1000 1 + 200 £
Open Database on EDX using A | 6 L1002
python scripts e e 2 - 3
. . S 0 0 €
¢ Scra pl ng Of data USIng 2 NatCarb Public NatCarb Atlas Open Carbon  Open Carbon NRAP NRAP Data NRAP Model 2
g PDFs Posted on Layers Storage Data  Storage Data Community  Catalog Spatial Outputs
=z EDX Catalog Catalog Spatial Dataset Catalog Records
° Addltlon of data dlrectl to EDX B Number of Text-based Records  L3Y€'S @ Number of Spatial Records
by and NRAP an Others i B Employing “smart” * EOS Earth & Space Science News
« EDX Groups used for data PSR scarch tooks to . ; e
collection organization W e & ) piely ‘f;,gz%
p i Machine p Carbon A s e
° ° ° R 7 L i ‘ ; s orage Data 2 '”“: : >
 Data publishing from projects WWW web Seich, o /2
such as FutureGen and : '
e ° p— 1 il & Gas,
Kimberlina Geotherma
DEIER
(

Living Database — ML/AI tool Resources o
for updating data in real time, in
coordination with

g""‘ UL ACERAEIMES Ok | "*"0"‘“ Morkner, P., Bauer, J., Creason, C., Sabbatino, M., Wingo, P, Greenburg, R., Walker, S., Yeates, B., and Rose, K.,

FEEiNoLoGY
E in review, Distilling Data to Drive Carbon Storage Insights, journal: Computers & Geoscience
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, a big data, algorithm TL |inooey
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SmartSearch core features:
‘ | , [ e Massively Parallel Operations:
| SR/ 5 2 e Parsing many file formats (at scale) -- uses Tika, can be
‘ B i extended to additional formats beyond Tika
e Parsing of zips (parses content of nested zips)
* Cluster based large scale data management
* ML processing (both Spark ML and Spark NLP) for 1)
‘( parallel NLP processing, 2) ML (recommendation
o v engine) using Sparse and Dense Vectors and easily
R o | implement myriad of ML pipelines.

- | * Web crawling / indexing
W - * FTP crawling / indexing

' e Heoee) ‘ « Data discovery -- combine above with web APIs (search

‘ / engine, USPTO, etc) to automate data discovery and identify

- relevant data from seed(s)
* Developing Spark ML with GPU on NETL ML cluster.
* Developing integrations with Databricks GPU Spark ML

processing.

Digital Structured Data

#5,  1U.8, DEPARTMENT OF - HATIONAL
ENERGY | [{T/iiee
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Developing = MoV
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Identifying Data Relevant to & Produced By the CS R&D Community LABORATORY

h NRAP Community Datasets CCS Site Catalog ¢ )

* Builds a data foundation for CS e eernh (NIDR
community f E |

U]
|
B

] Tool input per data category for each specific tool

.
* |lnventories A DREAM
Agquifer Agquifer
Data Category | Characleristics, | Characteristics Time Poroswlyrur Geochemistry co2 Brine Localion Resenvoir
Confined Unconfined Permeability properties (other) Charactersitics
flow simulation
! R ermeability ) ) X Y. 2 output
P Data sand fraction [ correlation migration time P sand calcite volume  CO2 flow brine flow (within a parameter
Subcategor i i
 Documentation of resource e iy

NATCARB - RCSP Open Data Catalog # & &

correlation length KKy File Edit View Insert Format Data Tools Add-ons Help Last edit was made 10 days ago by Michael Sabbatino
X [m] '

metadata and inputs nen m e - w o mIsA 6@ Eiiey=ad

RCSP

correlation length  aquifer thickness
Y [m] m

[m]

* Metadata preservation about data | xcsp Data oo Data [l Most(spatia

horizontal Availability Type data only)

S u C h a S eXt ra Cta b | e d ata a tt ri b u te SI [*55"“3] d derau"cﬁgmmem : Big Sky Carbon Sequestration Y Acquired | Spatial  feature ?Brg%SSP?EST senmees

Partnership newsletters, graphics
° ° ° B press releases,
file size, spatial extent, etc (BCSP) N
. Midwest Geological Sequestration
Consortium N Spatial  N/A NA
* ML tools can be used to set up - fness [ |
¢ Midwest Regional Carbon Y Acquired | Spatial feature, table, raster :(‘\é%ﬂa)RESTSemces

foundation for cataloging and to  ammceton Pt e
Acg patial p
ArcGIS REST Services

°  Plains CO2 Reduction Partnership Y Acquired | Spatial feature, table, raster  (PCOR)

discover data for catalog . oo . ...
integration

@ ENERGY | T
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1. Big Sky - Basalt Injection 37
. M 2. CaMI Field Research Site 15
Exam!ole. NRAP Community Datasets siiectimiutaomupumy
CCS Site Catalog Uplift) 14
4. Citronelle 38
. H 5. Decatur 34
 To date: 19.S|tes have.been 6 Edwards Aquifer 20
cataloged, incorporating open 7. Farnsworth - Anadarko Basin 31
source publications, data, and 8. Future_Gen
e e 9. High Plains Aquifer
EDX submissions N o

. MRCSP - Appalachian Basin Test
. MRCSP - Cincinnati Arch Test

. PCOR - Williston Basin Qil Field Test
. SACROC Oil Field Site
. SECARB - Cranfield Site

. SECARB - Central Appalachian Basin Test
. Kevin Dome (BSCSP)
. Bell Creek (PCOR)

. Cristian County CarbonSAFE (MRCSP)
{G}ENERGY | Nolitee TOTAL RESOURCES CATALOGED

B LABORATORY




Natural Language Processing (NLP) =TL Eﬁé&%‘%‘f‘“

TECHNOLOGY

A case study used for CS text-based resources martParse LABORATORY
* Latent Dirichlet allocation (LDA) o IrportToxt and Create e Dicionary
model based on corpus of 2071 Doqumert || [=|  bea ey "he

text-based documents
* Topic names assigned by subject-

matter experts Completed on Local Desktop PC
* Each document is classified by %
of each topic it’s associated with

siNdur 1IN pUnprusUn

St number of )
Dicti d . Optimeal Yes
* Each document has 50+ \\c@ o topicyOther |, CedelDA L TerlDA tumparor
. ope opi odel
keywords identified and can be parammeters " ‘
associated metadata on EDX Adjust nurmber of Save LDAModel
topics/Other No to Fle
: : Hyper-
. Parse.geogr.aphlc location to Completed on NETL Watt ML Cluster pararreters
associate with each document —
when possible Review Topics Get Docurrent e
Load LDA Model » and Name » TopicsUsing |« Do Y it PostgreSQL
Topics 19 LDA Model urme Database
Write Topics
Loop Through All Documents in Database f;g%:tatggg
Completed on Local Desktop PC

sy in review, Distilling Data to Drive Carbon Storage Insights, journal: Computers & Geoscience

S. DEPARTMENT OF | mo.m Morkner, P., Bauer, J., Creason, C., Sabbatino, M., Wingo, P, Greenburg, R., Walker, S., Yeates, B., and Rose, K.,
L

NERGY
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GeoCube 3.0 — CS spatial data search & visualization [N=[2Y
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* Upcoming GeoCube enables spatial  §
search capabilities — users can rapidly ‘.f
access and visualize data on an ’
interactive map for the world

* Natcarb Viewer 2.0

* Make accessible relevant
supplemental resources from
across the FE portfolio - Drives
citation and reuse of data

* Data inputs needed for tools and
models can be derived from datasets

* Data outputs from modeling and field
studies can be searched for by site or
region

* Outside resources and modeling tools
can be incorporated

GraphQL API

New GraphQL/Aollo Server
API provides a unified
interface for querying

numerous backing data
sources

% U.5, DEPARTMENT OF ‘ Nl“ONAl
GY
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Results: Spatio-temporal trends in CS data TL |inooey

LABORATORY

i
e 200 169 156
2 S 150 132
78
. & 100
A 50
0
25 50 100 200 300 800 3000 15000 650000
Number of Features (legend for map)
CCS Projects Cataloged

1. Big Sky Validation Phase - Wallula Basalt 9. High Plains Aquifer

Pilot Project 10. Kimberlina (WESTCARB)
2. CAMi - Field Research Station 11. Appalachian Basin Test (MRCSP)
ij 3. CarbonSAFE — Wyoming 12. Cincinnati Arch Test (MRCSP)
: 4. Citronelle (SECARB) 13. Williston Basin Oil Field Test (PCOR)

Morkner, P., Bauer, J., Creason, C., Sabbatino, M., Wingo, P, Greenburg, R., 5. Decatur 14. Scurry Area Canyon Reef Operations
Walker, S., Yeates, B., and Rose, K., Submitted, Distilling Data to Drive Carbon 6. Edwards Aquifer 15. Cranfield Site (SECARB)
Storage Insights, journal: Computers & Geoscience 7. Farnsworth - Anadarko Basin 16. Central Appalachian Basin Test (SECARB)

8. FutureGen

A A EEATTHEHTRO | NM'ONN Paige Morkner, Paige.Morkner@netl.doe.gov

G
L jfEciRcioay PI: Kelly Rose, Kelly.Rose @NETL.doe.gov

ENERGY



Results: Natural Language processing
Keywords and geographic associations
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N=TL
SmartParse

T

X

Groundwater aquifer

 Produced a 9 topic LDA model — grouping similar papers mnd arget reservokr e
* Produced keywords associated with resources " e - d_if?]
» Geographic location recognition (in progress) e Gas and pore
* Integration into EDX through N=TL R
4.' SmartParse
Production

LDA_nt9_ALL_AUTO.himiftopic=68lambda=1&tem=

Selected Topic: 6 Previous Topic = Next Topic | Clear Topic

A=1

Intertopic Distance Map (via multidimensional scaling)
0 50.000 100,000

analysis

surtacs

a: |
( L e —
- 4 -
Field Injection M

tests and

Marginal topic distribution mon Ito r-i n g

Slide to adjust relevance metric:

150,

000

200,000

|
04

Top-30 Most Relevant Terms for Topic 6 (11.5% of tokens)

250,000

644

Number of documents
with at least 1% topic

300,000 350,000

! . assighment
rr"»::i“ ;3 rgx/ Field
area s, hant iniecti
ure S2R $Mtable e injection
N "1\;1‘/‘( de\‘g(\of'mdwu tests and
o Storage%gllmg monitoring Geochemistry
- cdibon {3 £ 50 %; 718 504
repQEI t \\\S}%Fﬁonitoring
& samplez=\\/ A LE [F Cx fieldrermi
3 PIAIRGIE AStast O%geien
=/ formation <o+
@S ol SCLIOL] O Environmental
RCSP documents Carbon Cycling

1628 972
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review, Distilling Data to Drive Carbon Storage Insights, journal: Computers & Geoscience



Results: Data Quality assessment method development

and spatial trends in CS data quality

* 5-point data quality assessment method developed

e Quality based on completeness, accuracy, usability, and authority of

source

e Applicable to many subsurface data sets and model output data sets
e Combined with CSIL can be used to analyze data quality spatially

O L T ™ P A ~
N EEEEN N % — N

Average Data Quality
40-4.25
425-45

B 25475

B <550

. U.8. DEPARTMENT OF

and does not require guessing
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Decision to make
carbon storage data

available
Data collection and
assimilation of
NATCARB, NRAP and CSOD,
Completeness [

Data is complete - no Y Autom*ated ot
values are excluded Manual expert-driven search using
Source of data is stated data searches SmartSearch and
Method of measurment python scripts

I

or calculation reported
Data processing steps described
Location and time of
collection stated

Accuracy
Data is given as
measured or exact values

Authority of Source
Submitted to a certified
data warehouse or derived
from peer-reviewed journal
Data is recent, or has been
maintained to reflect recent
version updates

Quantile values are provided
in an extractable format
Document is high-reseclution
Quality control process used
Justifiable significant
figures

Usability
Data is in an

organized, digital,
tabular, text-based or

database format
Does not require proprietary
or expensive software to open

Data is open source
Metadata location is clear

Data catalog development
Database development
Data processing and
integration

Y

Natural language processing
Document geo-tagging
Data theme and keyword
identification and classification

Y

Metadata generation

Data cleaning
Quality Assessment

Easy to extract and use

model outputs

Creation of Data published

on EDX

Y Y
Data used for
CCS Site Screening

Data used for
CCS risk modeling

Morkner, P., Bauer, J., Creason, C., Sabbatino, M., Wingo, P, Greenburg, R., Walker, S., Yeates, B., and Rose, K., in review, Distilling Data to Drive

Carbon Storage Insights, journal: Computers & Geoscience
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FE and Carbon Storage program investments into data curation and
management has led to the development of Al/ML tools and the

preservation of millions of dollars of research products which
benefits ongoing and future research. This has led to:

N=TL
SmartParse

=)

* A better understanding of CS relevant open- and data
qguality throughout US and Canada

* Improved access through the integration of CS data resources on EDX into
GeoCube, SmartSearch and SmartParse (EDX version of NLP tools
presented here) for further searchability with spatial searches and
keyword searches

* Updates to GeoCube for enhanced spatial searchability and integration of
modeling tools to come
« EDX Al/ML data discovery, labeling, integration tool developments
trained to support Carbon Storage, SMART-CS, and NRAP NatCarb

* Deployment of Al/ML algorithms to allow on-demand data discovery and  Nationa LookcatEerbah soiiitton, ool
integration, ready-made for each end-user needs
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Contacts:
Paige Morkner, paige.Morkner@netl.doe.gov

Chad Rowan, chad.rowan@netl.doe.gov

I TS S [ S [

1,000 Miles . - Kelly Rose, kelly.rose@netl.doe.gov

https://edx.netl.doe.gov/group/?q=rcsp&sort=title+asc https://edx.netl.doe.gov/geocube/#collections/carbonstorage
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Program Overview (1-2 Slides)

— Funded by DOE as part of Carbon Storage DE FE-1022465,
Tasks 27 and 28

— RSS Contract and ITSS contract researchers
— Ongoing performance dates 2018-2022
— Project Participants

* Pl: Kelly Rose

 LRST: Paige Morkner, Michael Sabbatino, Andrew Bean,
Lucy Romeo, Patrick Wingo

e ITSS: Chad Rowan, TJ Jones, Aaron Barkhurst, Vic Baker

25



Technology Section

Task 27 supports the development of data, materials, maps, analyses, and figures for the Carbon
Storage Atlas, Natcarb Viewer, and Natcarb database. This includes release of new data insights to the
GCS community, through the sixth edition of the Carbon Storage Atlas, and through bi-annual updates
to the Natcarb Viewer and Natcarb database.

Task 28 focuses on addressing CS R&D data curation challenges associated with ingesting, describing,
and curating data products from DOE FE to ensure enduring access and more efficient utilization of
those resources using Al/ML enhanced approaches to support future CS R&D. Ultimately, this effort
will result in tools, data resources, and virtual capabilities for the CSP and community to facilitate
efficient CS data discovery, integration, and curation using NETL's EDX

Use of EDX and development of tools to support the collection, curation, organization, labeling, and
publishing large quantities of data for carbon storage. Whether laboratory, field, or computational, CS
R&D is both a producer and consumer of data resources (datasets, tools, models, etc.). However, while
the volume of open, online data is increasing exponentially, scientists struggle to find, access, and
make operable data products from previous R&D projects due to insufficient and/or burdensome
online data curation tools and outdated techniques.
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FY2020 Accomplishments

. Energy Data eXchange hits major milestones — June 2020 surpassed 2 million resources
downloaded mark, and continues to support the preservation of over 2 billion dollars of
federally funded research products

b. EDX brand granted registered trademark by USPTO

. Completed and submitted manuscript outlining spatio-temporal trends of open CS data on
EDX. “Morkner, P., Bauer, J., Creason, C., Sabbatino, M., Wingo, P., Greenburg, R., Walker, S.,
Yeates, D., Rose, K. Submitted. Distilling Data to Drive Carbon Storage Insights. Computers &
Geosciences.

. Made advances in connecting SmartSearch and Living Database to make real-time updates to
databases

. Release of Five Kimberlina Oil Field model simulations on EDX -
https://edx.netl.doe.gov/group/kimberlina-data

. Release of 64GB of FutureGen 2.0 Subsurface Technical Data to EDX -

https://edx.netl.doe.gov/group/futuregen-data
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Progress and Current Status of Project

Outline:

e Carbon Storage Data Curation to date

* EDX Data statistics for carbon storage

e Use of Al/ML Tools for Data Curation

 NETLs SmartSearch algorithem

 Natural Language Processing

e GeoCube

e Results of carbon storage data spatio-temporal analysis

* Results of natural language processing

* Results of data quality analysis method development
and spatial analysis
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Carbon Storage Data Curated “To Date...”

@sp Data by the #’

1.7TB source data
« 3065+ resources

879 Published EDX
resources

632.8 GB of Published EDX
resources

3,185 open data resources

« >4 million federated spatial
data records

« BSCSP and PCOR EDX on
track

« SECARB EDX data ingestion at
Cranfield CCS site complete

MRCSP & MGSC In progress

Kand pushed to public

|ID

NRAP Community Datasets CCS Site Catalog

Curation to date: —

« 19 sites cataloged NQAP

o 7552 records including 6241 spatial e iskasesmentsarinersip

« Cataloging includes open source publications,
data, and EDX submissions

« Catalog will be integrated into EDX by end of
September

« Continual updates to catalog as new resources
are published on EDX

: j‘ « 1846 text-based documents

Carbon Storage Open Database: ™ WANS
« Scraped from public websites and = [l Y /. .
ArcREST servers Energy Data exchange

« 315 Spatial layers in EDX’s

GeoCube
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RCSP Collaborative Workspaces

RCSP public and private resources have a combined
total of 3,065 resources and 1.72TB of data.

PRIVATE PUBLIC

# of Submissions . .
CW Name Waiting to Go Public # of Resources Data Usage Submissions Resources Data Usage
Big Sky 0 87 1000.1GB I 31 101 600.3GB
GOM-Carb 15 33 277.2MB I - - -
MRCSP Phase 1 0 4 32.7MB I 3 4 32.7MB
MRCSP Phase 2 27 71 2.0GB I 17 17 334.5MB
MRCSP Phase 3 15 56 70.39GB I - - -
PCOR Master Workspace 20 1377 4.4GB | 120 711 1.9GB
SECARB — Anthropogenic 153 550 3.38GB ‘ ) ) )
Test
SECARB - Early Test 0 0 0.0GB | 17 37 30.2GB
Southwest 0 6 33.1MB I 3 9 53.7MB
WESTCARB 0 2 1268 | i i i
1086.8GB




Use of Al/ML Tools for CS Data Curation

Challenge: Making available data discoverable, searchable, and easy to reuse
Solutions:

N=TL
* Open-source efforts Smari
. . . Inform se of data
» Cataloging for metadata extraction and preservation o ate sl
- Analyze
* Geographic database development to make & Optimize
searches easier ( ) Integrate & Label

(Analytics, metics, features
and training data) 80% of time is spent

acquireing, curating,

labeling and

organizing data

* Natural language processing for text-based resource —
oo o 5 5 o . . xplore & Transform
CIaSSIflcatlon’ organlzatlon’ keyword Identlflcatlon (Curation, cleanup and visualization)
(metdata building) and geographic association (for

searchability) ﬁ gﬁ:cl:-r’rParse

Move & Store
(Collaborative data management)
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, a big data, algorithm

SmartSearch core features:
« Massively Parallel Operations:
« Parsing many file formats (at scale) -- uses Tika,
can be extended to additional formats beyond Tika
« Parsing of zips (parses content of nested zips)
» Cluster based large scale data management
* ML processing (both Spark ML and Spark NLP) for
1) parallel NLP processing, 2) ML

I Cocion: , (recommendation engine) using Sparse and
R N Dense Vectors and easily implement myriad of ML
pipelines.
, , « Web crawling / indexing
e, ronee) NG  FTP crawling / indexing

« Data discovery -- combine above with web APIs
(search engine, USPTO, etc) to automate data
discovery and identify relevant data from seed(s)

* Developing Spark ML with GPU on NETL ML cluster.

» Developing integrations with Databricks GPU SparlgzML
processing.

Digital Structured Data




Natural Language Processing (NLP)
A case study used for CS text-based resources

- Save Dictionary

.. . Pyth Import Text and Create

e Latent Dirichlet allocation (LDA) Document || ———  Deta PostgreQL Dictionary & -k
FI I$ Conversion mtabase CorpuS W|th G?.nSIm

model based on corpus of 2071
text-based documents

* Topic names assigned by subject-

SyduT 1IN PaUINPIISUN

Conmpleted on Local Desktop PC

matter experts
* Each document is classified by %

of each topic it’s associated with M o I e on S Optimel Yes
rpusto fie 1 Hyper- ¥ Model | Coherence 3
 Each document has 50+ parameters . Topics/Model !
keywords identified and can be Adijust nurber of Save LDA Model
associated metadata on EDX pteeid No toFfile
. . Completed on NETL Watt ML Quster parameters
e Parse geographic location to
associate with each document — revion Topics — -
. N | . . - Lery
when possible rosd Aodd Topics 15 | BAvosa | ocument Posges.
Write Topics
Loop Through All Docurments in Database %%abtatgap';
Completed on Local Desktop PC
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GeoCube 3.0 — CS spatial data search & visualization

* Upcoming GeoCube enables spatial !
search capabilities — users can rapidly -
access and visualize data on an |
interactive map for the world

Geocube Resources

 Make accessible relevant
supplemental resources from
across the FE portfolio Drives
citation and reuse of data
* Data inputs needed for tools and
models can be derived from datasets
* Data outputs from modeling and field
studies can be searched for by site or
region
* Outside resources and modeling tools
can be incorporated

New GraphQL/Aollo Server
API provides a unified
interface for querying
numerous backing data

REST AP s SOUICES 34




Results: Spatio-temporal trends in CS data
Bringing together NatCarb, NRAP catalog and the Carbon Storage Open Database

e

A -

L : X

L

Morkner, P., Bauer, J., Creason, C., Sabbatino, M., Wingo, P, Greenburg, R.,
Walker, S., Yeates, B., and Rose, K., Submitted, Distilling Data to Drive Carbon
Storage Insights, journal: Computers & Geoscience

Frequency

400
350
300
250
200
150
100

305

169

318

156

25 50 100 200

300 800 3000 15000 650000

Number of Features (legend for map)

CCS Projects Cataloged

1. Big Sky Validation Phase - Wallula
Basalt Pilot Project

. CAMi - Field Research Station

. CarbonSAFE — Wyoming

. Citronelle (SECARB)

. Decatur

. Edwards Aquifer

. Farnsworth - Anadarko Basin

. FutureGen

ONOUVPA~AWN

9. High Plains Aquifer

10. Kimberlina (WESTCARB)

11. Appalachian Basin Test (MRCSP)
12. Cincinnati Arch Test (MRCSP)
13. Williston Basin Oil Field Test
(PCOR)

14. Scurry Area Canyon Reef
Operations

15. Cranfield Site (SECARB)

16. Central Appalachian Basin Test
(SECARB) 35
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Results: Natural Language processing

* Produced a 9 topic LDA model — grouping similar papers
* Produced keywords associated with resources
* Geographic location recognition (in progress)

Integration into EDX through J lgETL o
marirarse

LDA_nt9_ALL_AUTO himi¢topic=68lambda=1&term=
Selected Topic: 6 Previous Topic | Next Topic | | Glear Topic Slide to adjust relevance melric:
| J | | | |
A=t 00 02 04 06 08 10

Intertopic Distance Map (via multidimensional scaling) Top-30 Most Relevant Terms for Topic 6 (11.5% of tokens)
0 50.000 100,000 150,000 200,000 250,000 300,000 350,000
ijoction | _mrsample
[ ] test ma € t
g wrpsedrch
o ; s.:aeargeear \,/l"t»ljrlm,',
ste. pture g N
i , p“afewe] st(\(géf‘lui%wé
e e 1@|\/5_\:_O|l an”mg
‘ i b,egsu,EStO age O@Sé higan<
" =C bond e e
3 p ‘ lUrep t \S\state//' urface 'r
2 e egiont=rats Horthy A 7 = t Q(V(m_onitorlng
Y Hacw sampler-=\\ AL [T Cx figldrermit-
ot ;’E“deat’prOJec Ste tvwnr}\,(tmw :
W ; Q"H_\) H\‘\}*n:\“ run corew creek 6.%
: ~—1 g formation s
. . . el R0 &R ¢
Field Injection =@ __ & Qo‘&gcgé%clggifg e )
formatian fopt’Of
. testsand e ‘ chardctérization
Margeal topc dstsin monltorlng ahio Sd )t()tdl‘

2%

permeability:
sora term requsnc recovery
ic - f OWe s
sai -m W) 1o9(p( | WYP(U]For topics 1 see Chusng et i 2012)
0l opie )= }* pUw | /p(w). 500 Sipuort & Shirey (201¢)
10%

5%

Groundwater aquifer

and target reservoir Petrophysical
classification Analysis (wellog
Site screening and 590 data)

modeling 347

1517

Gas and Pore
Water Analysis

203
Resource
Production
644
Number of documents
with at least 1% topic
assighment
Field
injection
tests and
monitoring Geochemistry
718 594
Environmental
RCSP documents Carbon Cycling
1628 972
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Results: Data Quality assessment method development

and spatial trends in CS data quality

* 5-point data quality assessment method developed

e Quality based on completeness, accuracy, usability, and authority of
source

e Applicable to many subsurface data sets and model output data sets

Completeness

Data is complete - no

Decision to make
carbon storage data
available

Data collection and
assimilation of
NATCARB, NRAP and CSOD

[

1]

[

Manual expert-driven
data searches

Automated data
search using
SmartSearch and

/

values are excluded

e Combined with CSIL can be used to analyze data quality spatially

L T ™ — Va N Ty,
NE ENEREERQEERQY B

L L

Accuracy
Data is given as

measured or exact values
and does not require guessing
Quantile values are provided

in an extractable format
Document is high-reseclution
Quality control process used

Justifiable significant
figures

Usability
Data is in an

Average Data Quality

organized, digital,
tabular, text-based or
database format
Does not require proprietary

Source of data is stated
Method of measurment
or calculation reported
Data processing steps described
Location and time of
collection stated

Authority of Source
Submitted to a certified
data warehouse or derived
from peer-reviewed journal
Data is recent, or has been
maintained to reflect recent
version updates

/

! python scripts
T

Data catalog development
Database development
Data processing and
integration

Y

Natural language processing
Document geo-tagging
Data theme and keyword
identification and classification

Y

Metadata generation

Data cleaning

| Quality Assessment

or expensive software to open Creation of Data published
40-4.25 Data is open source model outputs on EDX
4.25-45 Metadata location is clear
B 5475 Easy to extract and use
] Y
B <550

Data used for
CCS Site Screening

Data used for
CCS risk modeling
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Summary and Next Steps

FE and Carbon Storage program investments into data curation and
management has led to the development of Al/ML tools and the

preservation of millions of dollars of research products which N=TL
benefits ongoing and future research. This has led to:

* A better understanding of CS relevant open- and data
guality throughout US and Canada

* Improved access through the integration of CS data resources on EDX into
GeoCube, SmartSearch and SmartParse (EDX version of NLP tools
presented here) for further searchability with spatial searches and
keyword searches

* Updates to GeoCube for enhanced spatial searchability and integration of
modeling tools to come

« EDX Al/ML data discovery, labeling, integration tool developments
trained to support Carbon Storage, SMART-CS, and NRAP

* Deployment of Al/ML algorithms to allow on-demand data discovery and
integration, ready-made for each end-user needs




Organization Chart
Carbon Storage Data

/ Project Partners \

DOE

~

Lead Organization
NETL

NETL
RCSPs — Big Sky Carbon
Sequestration Partnership,
Southwest Partnership,
Southeast Regional Carbon
Sequestration Partnerhsip,
Midwest Regional Carbon
Sequestration Partnership,
Midwest Geological

Sequestration Consortium,

Partnership.

Plains CO2 Reduction

Principal Investigators
Kelly Rose, Jennifer Bauer

\_ J

Task 28

Through Advanced Data Computing
Solutions

Lead: Kelly Rose
Contractors: Chad Rowan, Michael

Baker, Other Matric Software Engineers a
Developers

/Curation of Carbon Storage R&D Products\

Sabbatino, Paige Morkner, Andrew Bean,
Lucy Romeo, TJ Jones, Aaron Barkhurst, Vic

Task 27.0
Next Generation Development,
Deployment, and Modernization of
Database, Tools, Online Viewer, and
Atlas

Lead: Jennifer Bauer
Contractors: Paige Morkner, Michael
Sabbatino, Patrick Wingo, Andrew
Bean, TJ Jones, Aaron Barkhurst,

"/

other Matric Software Engineers and

K Developers /
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Task 27: Project Timeline Overview

Key Team Members: Pl — Jen Bauer, Kelly Rose CO Pl - Paige Morkner

Natcarb - Next Generation Development, Deployment, and Modernization of
Database, Tools, Online Viewer, and Atlas

2017 (5202k*) 2018 ($239Kk) 2019 ($200k) 2020 (S171k) 2021 (S150k)
9 9 12 9

O L L L]

® 9/20183@ 2/2019@% @ 320208 (O 12/2020) &® the

3/2019 6/2019 6/2020 3/2021
Milestones

EY18: EY19:
1. Outline design and content for online version of Carbon Storage Atlas (9/2018) A. Outline framework for integrating Spatial Analytical capabilities within Natcarb tool (6/2019)
2. Assessopen CS datasets and resources. Generate catalog with priorities for integration B.  Summarize methods used and key spatio-temporal analytical findings from expanded CS data

into EDX to support CS data analytics and R&D (9/2018) available on EDX (3/2020)
3. List of enhancements made to Natcarb tool, including links to scripts through EDX EY20:

(2/2019) C.  Identify tools and models that will be targeted for integration and inclusion within the Natcarb
4.  Deploy CS virtual surface/subsurface data resources in EDX Geocube v2 tool on EDX and in Viewer (6/2020)

EDX supported virtual geodatabase (3/2019) D. Outline report/manuscript on updated technical capabilities of Natcarb Viewer (12/2020)

5. Public release of interactive, online version of Carbon Storage Atlas (3/2019) 5 Release update of Natcarb Viewer and Natcarb Database to EDX (3/2021)

Impact

Key Accomplishments/Deliverables Value Delivered

Barkhurst, A., Bauer, J., Rose, K., Chittum, J., Rowan, C., Romeo, L. Geocube, 2018- -+ Produce a robust subsurface data framework that provides improved data access,

09-23, https://edx.netl.doe.gov/dataset/geocube, DOI: 10.18141/1471973 data discoverability, and ease of use within the carbon storage community.
Bauer, J., Rowan, C., Barkhurst A., Digiulio J., Jones K., Sabbatino M., Rose K., * Integrate online, advanced analytics and models to help facilitate research across the
Wingo P. Natcarb, 2018-09-27, https://edx.netl.doe.gov/datasets/natcarb, DOI: carbon storage community.
10.18141/1474110 » Develops process and tools for production of future interactive, online Carbon
Storage Atlases
Chart Key -
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Task 28: Project Timeline Overview
Key Team Members: Pl — Kelly Rose - CO Pl - Chad Rowan, Mike Sabbatino

Curation of Carbon Storage R&D Products Through Advanced Data Computing Solutions

2018 ($430Kk)

2019 ($250Kk)

2020 ($171k) 2021 ($200k)

9 12 3 12 6 3

9

12

9

, R O RO

Number

Milestones

Expected Completion Date

09/28/2018
12/31/2018
03/29/2019
06/30/2019
09/30/2019
12/31/2019
12/31/2019
03/31/2020
04/30/2020
9/30/2020
12/31/2020
03/31/2021
03/31/2021
07/29/2022

0 @% ® thd |

Ingestion and stage on EDX for public release appropriate Big Sky and PCOR data products for CSP Managers to QAQC.
Push to public on EDX appropriate Big Sky and PCOR data products.

Ingestion and stage on EDX for public release appropriate SECARB Partnership data products for CSP managers to QAQC.
Push to public on EDX appropriate SECARB Partnership data products.

Ingestion and stage for public release appropriate MRCSP data products for CSP managers to QAQC.

Push to public on EDX appropriate MRCSP data products.

Ingestion and stage on EDX for public release appropriate MGSC Partnership data products for CSP Managers to QAQC.
Stretch: Deploy NETL SmartSearch version 1 algorithm in EDX to support automated gathering of open, CS relevant data.
Push to public on EDX appropriate MGSC Partnership data products.

Deploy LivingDatabase beta version capability in EDX, private side, for CS teams (e.g., RCSPs) use and testing.

Integration of CSP data products that are spatially related through enhanced EDX spatial search and discovery tool on Geocube
Deploy NETL SmartSearch version 2 algorithm in EDX to support automated gathering of open, CS relevant data.

Deploy LivingDatabase version 1 capability in EDX, private side, for CS teams (e.g., RCSPs) use and testing.

Ingestion and push to public on EDX appropriate SW Regional Partnership data products.

Key Accomplishments/Deliverables -- Impacts -- Value Delivered

2017, EDX data ingestion tools & training to support curation of RCSP resources

2017, Developed web-based team digital notebook called “DataBook” & deployed on EDX
2017, Audited and gathered, using web scraping tools, open source datasets for RCSP websites 2018, .
Deployment of SmartSearch v1 to support automated gathering of open, CS relevant data

2018, Addition of Big Sky & PCOR data to EDX

2018, Constructed geodatabase hierarchy using inputs from cataloged RCSPs spatial datasets, and open data

resources
2018, Big data computing cluster via EDX upgrades deployed

2019, Addition of Midwest CS Partnership & SECARB data resources to EDX & Natcarb Tool

2019, Addition of MGSC data resources to EDX & Natcarb Tool

2019, NDA signed with Google in relation to SmartSearch

2020, RCSP public and private resources hosted on EDX have a combined total of 3,037 and 1.64 TB of data.

2022, Addition of any final resources to EDX & Natcarb Tool

* Collecting, curating, and cataloging data from all regional carbon storage partnerships & open-sources

* Developing capabilities to query curated data

Delivering EDX’s public-private capabilities, including growing access to its big data computing cluster and Amazon Web

Services (AWS) cloud services, seek to facilitate more effective research for DOE FE subsurface scientists.

* Pairing EDX hosted carbon storage data resources and products with other online capabilities, data, custom ML
algorithms and capabilities to enhance user experience and provide research teams with the resources needed to make
subsurface energy research more efficient, reduce redundancy, and drive innovation.

Chart Key
* Task 28 is integrating data into an existing G .
o/ No-Go Project .
tool with no development of a technology. @ TRL Score Tim/eframe ConJ‘\pletion <> Milestone

Therefore, no TRL is assigned.
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