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This project was funded by the U.S. Department of Energy, National Energy Technology
Laboratory, in part, through a site support contract. Neither the United States Government
nor any agency thereof, nor any of their employees, nor the support contractor, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency thereof.
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Problem: Lack of information to better understand the influence structural complexity (SC) will have
on long-term carbon storage security.

Ultimate Value Delivered:

. R Data types Concept layers Zones of structural complexity
Solution: Z * Provide information about areas with limited or poor-
* Produce spatial datasets for selected s 3\‘3 quality structural complexity information
saline basins representing: y | * Assists with the identification of data gaps that may
* Existing, known SC %V require additional, future field work
* Predicted potential unknown SC = menet el 29028

5@ discover

* Leverage SC method outlined in
Justman et al. (2020)

* Assemble and integrate basin-scale

results into a unified database for use
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in carbon storage-based assessments

e Publish database on the EDX
DisCO,ver platform
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Transport and Storage Program has been the p ion and public of Carbon Capture and

(CCS) data products, such as data, models and tools, for over a decade on the EDX system. This has resulted in the preservation and publishing

ir present availability for validation and reuse to accelerate the Program's present

s of dollars worth of research project products,

fes and goals by federal researchers, academia,

EDX DisCOyver (Alpha) Website
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Data types Concept layers Zones of structural complexity
® Screening methOd and approaCh tO Topographic surface ----------------- 8 / //
predict the potential for complex )
structural features to exist , | L e
Bitholoaic Sedimentary ; 2
9 subsurface L ’\\' V/’
* To better understand geo-hazards : -; | ;
. . ' 3
linked with faults and fractures v M
“, . . . . F . :"’\f\/\/\f\/\/\f\f\f\,
* Mitigate risks associated with human- Geophysical & - GyEing | V
asemen ; 4
subsurface interactions
Depth representation of data types
. - —» Constrained Justman et al-, 2020
* Developed a geospatial data framework associated — ----- -
with two fuzzy logic rule-based inference models to Fuzzy inference diagram S]MP )\
* Characterize known structure e * Justman, D., Creason, C. G., Rose,
« Predict known and unknown structure S U A = "] | K. &Bauver, J. (2020). A knowledge-
’ /Fa\ /Ff —= - data framework and geospatial
]L L Tﬂ *L - == ‘ fuzzy logic-based approach to
: . - IVa [T /T L model and predict structural
* Tested and validated method in Oklahoma S = = , complexity. Journal of Structurdl
e SIMPA tool- Spatially Integrated Multivariate — = = = ] Geology, 141, 104153,
o robabilisti Ap y t(gw_ £ al. 2019) - AN LA L LA
robabilistic Assessmen ingo et al.
& ! Wingo et al., 2019 LU
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Known structural complexity Predicting structural complexity
* Geospatial analytics to represent the concept of damage zones . Zones of SC
* Incorporates associated uncertainties with explicit . Where can we test for SC to potentially exist?

structural datasets

Bend damage
__— (extensional)

Intersection Data types Concept layers Zones of structural complexity
- dam\?ge /Tip damage
Linking damage ///
(contractional step) Topographic Surface ----------------— —
|

Distributed

i f, damage

Bend damage
(contractional)

Lithologic

/' Linking damage

\ (extensional step)
\ Wall damage

Approaching damage
Geophysical ¢ Crystalline y
“Complex zones” or “damage zones” are areas with high basement a
fracture intensity/linkage and high variation in fracture
orientations in contrast with surrounding areas and occur Depth representation of data types
across a variety of tectonic setting, lithologies and scales. = = C°"5‘fa‘”€d
PeaCOCk et a’. (201 7) —————— > Unconstrained
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Identify and modify explicit
structural data to represent SC

C h 1_ o o \ " ey Maximum known SC potential
a ra C e rIZI n g . e * Fault density weighted by Apply fuzzy
Ll e feature length

inference model
* Fault intersection points >
weighted by feature length

known structural

'Y Earthquakes \
complexity
* Earthquakes weighted by
energy released
Training dataset Test dataset
e
Evaluation
° ° -
Prechchng structural Identify and modify proxy Training Process
o structural data to represent SC |Frequency ratios  Fuzzy membership A 4
com p I eX"Y — "w_ + Surface slope i ’ = Predict SC for all zones
.  l] [ [
?@? « Topographic Wetness Index : | | \ s
DEM |\ B SRR w) o i / ; i ) Apply fuzzy
Isostatic \ v * Change in sedimentary L | H | [ To inference model
. \ thickness i / R
residual S— \ . *l , .
gravity (IRG) \iﬁ * Basement surface curvature | | l | | | | = \
\ bl /
Total ! ' ‘ /
magnetic \ v . * Horizontal derivative of | ‘ )
intensity \ = = isostatic residual gravity 1 b )
(T™1) \-i * Horizontal derivative of total ] |
Justman et al 2020 \ magnetic intensity ] A l || |
°’ |
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Modify explicit data
to represent known
structural complexity

Identify explicit

Apply fuzzy inference
model

Create training and

structural datasets test datasets

Fault density

Fault density weighted
by feature length (FL)

Bl -043

. . B 7044 - 14087

Fault intersection B 0552115
density weighted by FL I 21131 - 28174
[ 281.75-353.17
[ ]353.18-482.54

[ ]48255-6119

EQ densiiy [ 611.91-741.27 3
[ 741.28 - 870.63 .
I 57064 - 1,000 n
Qd hted b . FQsc
EQ density weighted by Justman et al., 2020

energy released
« SUM - Combination of doamage zone representation > any one individual zone

EQ- Earthquakes * OR - Uncertainty in importance between explicit source datasets

¥NT
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Apply fuzzy inference
model

Modify proxy data to
represent potential Train proxy datasets
structural complexity

Identify proxy

structural datasets

Predicted maximum

Fuzzy maps ZLones of structural complexity SC potential

5 m 1) Surface @Subsurface

g "2) Subsurface

</

v ’ZQg, SubsurfaceBdsemen’f
*xa4) Basement

&8 4 'lie'}“v
17775 5) surface AND)Subsurface (AND) Basement

©® N OO W NN > N =
I8 2 2 S ® =2 B S

Map outputs for
AND - Potential between cross cutting zones eqach zone

* OR - Uncertainty in importance between datasets within layer , 2020
ustman eta.,
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Did the model accurately predict
structurally complex areas?

Structurally
Yes! complex

Not structurally

B True Positive
Yes! complex

B True Negative
[J False Positive
B False Negative

Potentially

)
—

We know significant

N (o) ’ b Ui'. R structure exists here

Justman et al., 2020
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Error classification map
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Goal = Publish a database of structural complexity estimates for deep saline basins targeted by
Carbon Capture and Storage (CCS) activities.

No comprehensive database exists to assess potential subsurface CO, storage and migration pathway hazards.
Provides critical information on potential CCS hazards not currently available to CCS program and stakeholders.

Year 3 (EY24)

Year 2 (EY23)

ral complexity ‘
for selected basins

! Identify additional basins for structural ‘
complexity analysis. |

| Preliminary s
predictive

yeans (EYZZ) Publish SIMPA analyses for selected é [Publlsh preliminary SIMPA b
basins on the EDX DisCO,ver analyses for additional basins on
Platform the EDX DisCO,ver Platform [
Publish SIMPA analyses for °
Current status —> additional basins on the EDX
DisCO,ver Platform

/ v U.S. DEPARTMENT OF *
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l Appalachian Basin
» Selected 7 candidate saline basins for SC B Denver Basin
Y l Gulf of Mexico Basin
B !llinois Basin
l Michigan Basin
l Permian Basin
l Williston Basin
xH Data catalog.xlsx
wh ReadMe.docx

X} Source datasets.xlsx

analysis

* Appalachian, Denver, GOM, lllinois,

Michigan, Permian, and Williston

* Developed 151 datasets representing

known structural complexity potential ok
£ 500 1,000 « 151 spatial
* Public release (end of Year 2) Known structural (raster) datasets
D complexity potential 19 GB fd f

* Developed processing tools to streamline va': 1 ) oraaia

and rapidly iterate outputs as needed w7 | Includes key
O | W, L metadata

* Resolution is scaled by basin size (~2-5km e ey documentation

gri d cell S) o e Lo e |
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Year 2 accomplishments & tasks

* Completed collection of proxy data for predicting
SC for selected basins

* |dentified and cataloged ~90 topographic, lithologic,
and geophysical data resources

Data types Concept layers Zones of structural comflexitx ~

» - 3 ‘
Topographic Surface --------------e--2 / / = w._
/ ~ D HI00T I,
7 ® | o Magnetic Anomaly (nT) -
; ; ; Sedimentary / 2 7 8632.61 =
Lithologic /A subsurface / '\\{ V/
III I/I' E 3 5
iy l//1 MP/\P/\
1 ) SN AN NN V
b Crystalline Z
Geophysical p'------- o i) ‘(". a
Depth representation of data types \
———» Constrained
""" T reorsaned Example raw geophysical dataset- Magnetic anomalies (NOAA)

U.S. DEPARTMENT OF *
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Year 2 accomplishments & tasks

* Currently processing raw proxy data resources for
input into database and predictive analyses

* >60 processed proxy datasets : s b

* Developed tools to streamline processing R
ATES

Data types Concept layers Zones of structural complexit/Vy j ¥,
Topographic 7] Surface ------§---------2 < / = JAtlanta
i /, ; £ A Pe 500
/ | s L oo Horizontal Derivative in
Lithologic ,' Segimefntary 1 \N 2 V) . Magnetlc Anomaly
;o subsurface | " [ High change N=
H C ) 5 ! -
: 3 7 e \
: 7 \ . ‘ [Miami - low change TL
/ oo \ 5 o e
- Crystalline |[; V ; )
Geophyslcal """"" i Y i i lap Credit: National Energy Technology Laboratol esearcl nnovation Center
basement 4 ~ | B < e R (e h&IAugusttB?ZOtB
o 171 Dat

ta Sources: NETL, National Oceanic and Atmospheric Administration (NOAR), Esti, Garmin, FAO, NOAA, USGS,
EPA, Esri, USGS

Depth representation of data types
———» Constrained

“““ 7 Unconstained Example processed geophysical data for selected basins

g U.S. DEPARTMENT OF BI
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* Next steps

* Leverage SIMPA tool and fuzzy logic method for zones of SC to obtain predicted SC outputs (12/2023)
* QAQC results, error maps

* Incorporate into database structure

* Publicly release v1 of database (3/2024) National Structural
Complexity Database v1

H H Appalachian Basi
Data types Concept layers Zones of structural complexity FUZZY |nference d |Ogr0 m SJMPA : Dppa acB |aAn =
e U R — q enver Basin
e e e e e » : :
Topographic Surface ------f-------saet / = = = = ‘ l Gulf of Mexico Basin
9 i — L oA | P | - B inois Basin

7 ®\|o e bl s B Michigan Basin

1
/
Ill — - -
H Sedimentary . \ 2 y P I~ ~ - l Permian Basin
jFebiiace N7 = 4 —=ib, : B williston Basin
4 5 . | A =y i '
3 xH Data catalog.xlsx

l,’ // "‘ V/’ \/\J\/\"\/\F r A A i _7 - - : r o= 47, N . . o '
/ B AVaVaVaVaN cVaVaValal y\z r ~= | = W} ReadMe.docx
Crystalline Z - — — - ' X
y - : x} Source datasets.xlsx
I a es

Lithologic

basement 4 Wingo et al., 2019
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* A database of basin-scale structural complexity estimates for selected
deep saline basins

* Published on EDX DisCO,ver Platform for user access end of March
2024

* Year 3 (starting March 2025) - Expand database to other saline basins

r Appalachian Basin

* Provide information about areas with limited or
poor-quality structural complexity information

* Assists with the identification of data gaps that
may require additional, future field work

* Results can be leveraged to inform carbon storage
resource and feasibility assessment

%% U.S. DEPARTMENT OF

®)ENERGY

l Denver Basin

. Gulf of Mexico Basin

B !llinois Basin

B Michigan Basin A w A
l Permian Basin
. Williston Basin

xH Data catalog.xlsx

® discover

’E Source datasets.xlsx

Data InFrastructure to Accelerate CCS

N

i —




Tuesday Evening - Live Tool Demos! N=|Naronal
TL TECHNOLOGY
LABORATORY

When:
Where:

What: 5 : :
: : ata science in
« Developing a National Structural Complexity Database for " . action for CCS
US Saline Basins (Poster)-Dan Amrine ~ NS ,
* Environmental Justice and Social Justice for CS Systems
« The international offshore CS and web-database and
tool
* RokBase, Virtualizing CS Rock Property Data platform
« Class VI Data Support Tool for regulatory requirements
« CO2 Pipeline Routing Smart Tool
« Co2Locate - Class Il Well Reuse and Regional Evaluation the digital divide
Tool
« Carbon Storage Planning Framework Dashboard
« 3D Data Viewer and Preview Capability
« AlIM Model, Assessing Infrastructure Reuse Potential for CS
« EDX disCO2ver, a one-stop tool for CO, digital resources

Innovation to bridge

Energy Data exchange

offer in person demos & Q&

U.S. DEPARTMENT OF BI
I

=Emwv ,
+ In demo "theater room" k= WA, sypport team will
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