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Issue/R&D Need
* Complication of offshore petroleum systems

B. Co-Kriging with STA infl .
oSSR EEREE P FLORIDA and the heterogeneous subsurfaceintroduces

hazards and risks that are difficult to constrain
and predict

* Thereis a need for rapid, accurate, and efficient
tools that effectively predict pre-drill subsurface
conditions, even in areas with little to no data

Project Objective

* Develop a 3D, real-time smart tool using the
Subsurface Trend Analysis method framework
e Testand validate the STA smart tool in the GOM N
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Research Problem: Dkl W, -

STAdomain s>
Offshore petroleum systems are complicated, heterogenous subsurface validation = :
introduces hazards and risks that are hard to constrain, predict pre-drill )

: o . using t-SNE
leadingto deleterious impacts, such as the Macondo blowoutin 2010 or

just the average “dry hole”.

Thereis a need for rapid, accurate, and efficient tools that effectively
predict pre-drill subsurface conditions, evenin areas with little to no data.

Proposed Research: K-means dimensional analysis
of 6 subsurface properties

Develop a 2-D, and eventually 3-D, real-time “smart” tool usingthe
Subsurface Trend Analysis method framework.

i

i

Poly

Integrate machine learning and artificial intelligence (ML/AI) to improve STA Tool e =
efficacy and robustness of analyses. software .

Test and validate the ML/Al-enhanced STA Tool utilizing LWD/SWD datasets interface

and analyses of structural complexity in the Gulf of Mexico (GOM).

Benefit:

Groupng:  [None. v pone
Dependent: (B4 Opertium ¥

Reduction of pre-drill hazards and risks and utilizing these predictionsto
assistin efficient and successful resource management, e.g., geohazard risk

mitigation, oil/gas extraction or CO2 storage.
=", U.S. DEPARTMENT OF

'ENERGY




Subsurface Resource Assessment --- NETL's Geo-Data Science:
Inventing Intelligent Solutions to DOE FE Data, R&D Needs

Inform

NSRBI  Developing & innovating l

e\ data, metadata, & tools
for a range of needs

Integrate
& Label

Field

e\
| Ry

. Q
Data & geo-science methods to Vo,
improve prediction and analyses
across scales of investigation

Explore & Transform

Move & Store Regional
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Subsurface Trend Analysis N=|NAToNAL

An Al/ML-informed methodical framework to predict subsurface T_ TECHNOLOGY

: : : LABORATORY
properties and the geologic environment

Subsurface property Scale (finer-> coarser)
Property - All Data Analysis - All Data

Reservoir thickness Reservoir, field, region, i‘elcond.a'y
. teration
basin e
ithologi . i field . Data §
Lithologiccomposition Resgrvom ield, region, Acquisition =
basin & Check for
; i (7 Autocorrelation \ LT -
Porosity Well, reservoir, field,
region, basin UK&ASE
P ty-D in Dat : :
Reservoir pressure Reservoir, field Geologic Al%i\ roperty -omain “ata  Analysis - Domain Data
_ o System * ,
In situ pressure We!l, reseryonr, field, Knowledge < .
region, basin Lithology Structure Q|
o
Reservoirtemperature Reservoir, field l
In situ temperature Well, reservoir, field,
region, basin a) Resources for STA b) Domain Postulation C) Domain Validation d) Advanced Analyses
Permeability Reservoir, field, region,
basin e .
Initial method published: Rose, K., Bauer, J.R., and Mark-Moser, M. (2020)
Natural fractures Reservoir, field

Subsurfacetrend analysis, a multi-variate geospatial approach for subsurface

S?condary aIt(.eratio.n(e..g., Res'ervoir,field, region, evaluation and uncertainty reduction, Interpretation
diagenesis, mineralization) basin

Structural complexity Reservoir, field, region, Validated method is expanding under this task to an Al/ML, 3D/4D Smart

basin

Tool: the STA Tool
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* Identifying subsurface
characteristics through
seafloor feature mapping
coupled with seismic
interpretation

* Generatingnew
subsurface property data
for offshore petroleum
systems

Subregional, field-scale analyses:

Mississippi Canyon region
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Seismic Exchange

Study Area

Schiumberger Seismic Survey
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Mississippi Canyon Mapping Area

— Linear Features [ Polygon Features
[ Mississippi Canyon Mapping Area

New reservoir
thickness dataset

e

Ongoing subsurface

characterization of faults,

fractures, and salt via 3D
seismic, well logs
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STA Tool- a virtual research assistant designed to:

Organize and visualize disparate big dataand
knowledge resources

Simplify and automate geologic domain formation

Provide and execute multi-dimensional statistical
analyses and validation

Utilize ML to characterize property trends and
predictions

Current Development Efforts

e Advanced property dataset analysis including
reservoir thickness and fractures

* Additional Integration of ML/NLP

» Suggestions of relevant literature (NLP)
* |dentifying and suggesting domains to researcher
(supervised ML)
* Ability to ingest real-time data
e Predictreservoir properties during in-field operations

Data Literature
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High dimensional analyses of subsurface properties

Gulf of Mexico application

Gulf of Mexico dimensional
analysis use-case utilizes
reservoir properties:

* Initial pressure

e Initial temperature

* Porosity

* Permeability (log)

* Water saturation

 Chronozone

Previously published
STA domains

Rose et al., 2020,
Mark-Moser et al.,
2018

Standard analysis generated 21 geologic domains
High dimensional analysis reveals 25 clusters

Further analysis in progressto tune the model and understand "' This project, Al/ML ’ ‘

. . . . imi ° = NE
relationship to geologic domains preliminary clusters . L

36 94 -92 90 -88
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Domain Validation & Universal Clustering Analysis TECHNOLOGY
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Gulf of Mexico application

K-means clustering; no contextual
information

e 4 clusters
* Poor continuityamong clusters
e Cohesion score="~10

Geo Hierarchical clustering utilizing STA
| geologic domai

e 3 clusters

* Improved continuityamong
clusters

* Cohesion score: ~3

Next step: Hyper-parameter tuning with variogram
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PDF Secondary Alteration
ﬂ .
MARBN : 9Cr-3W-3Co-VNb, 120 - 150 ppm B & 60 - 90 ppm N
P92 : 9Cr-0.5Mo-1.8W-VNb, 20 ppm B & 500 ppm N
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Time to rupture (h) Classified Documents: Omitted Documents:
2005 OG) GOM res properties.pdf # [ | 1994 Hackbarth and Shew M »
2015 Marris The pore pressure regime NGOM. pdf 2014 Elshahawi Deepwater Ex
H"H H H 1999 Watkins Regional Stratigraphy of the DW GOM OTC-1084 w | | 1998 Galloway Siliciclastic Sl w
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Mining data from documents, R&D model
products, presentations, etc. using
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Rose et al) 2017 Working Smarternot Harder—Developing a Virtual Subsurface Framework for U.S. Energy R&D



NLP & computer vision for image extraction
Extracting knowledge
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Convolutions Subsampling Convolutions Subsampling  Fully connected

Training convolutional neural network for image identification —

. . . [ [ . eOOg’C
of spatial geologic information: geologic maps, provinces (tem
Natural language processing to identify content from figure I

captions
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C) Domain Validation d) Advance d Analyses
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Feature objective: Develop a model that allows user to

Classification Accuracy

_ 100
feed unstructured data and search for an item of
interest, e.g. geologic map, and returns all relevant =
images back to the user— saving hours of work and 5’3 80
. = Training
reducing error. . — Validation
Transfer learning using VGGNet, trained on thousands of &L
images 50
0 10 20 30
. . . . . EpOChS
500 testing images and 200 validation images :
92.31 % 7.69 %
Maps True Maps False Maps
To be further validated and tested with geologic image ] g 1s0%

repositories from NETL, USGS, NASA

Maps Charts

Total Accuracy=89.66 Misclassified=10.34
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The STA methodology is being [ % ¢ .- STAtoolseeksto
extended into 3D data analysis| Edine e o utilizethe full

#%  potential of 3D

e The structures being analyzed
datasets

are 3D in nature, which has
influence on characteristics [ 4
critical to resource operations | ¢

* More detailed data = better

2012 BOEM Sands Dataset

**Conceptual Model**

p red i Cti O n S — ** 3D Visualization from Variable
° Use Of fuzzy |Oglc tool |n Grid Method (VGM) tool **
combination
STA Tool will provide utilities to perrrrr
better understand data g

e Custom 3D visualizations to
gain perspective on data &
subsurface predictions

* Integrating geologic systems
knowledge and real-time data
(e.g. LWD) to improve
instantaneous predictions A&

o

P
deling
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Real-time predictions
sdestm informed by advanced
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Upcoming Publications
Mark-Moser, M., Rose, K., Suhag, A., Wingo, P., Hoover, B., Bean, A., Pantaleone, S., and Bauer, J., Analysis of Spatial Patternsand Trends of Subsurface Propertiesin the Gulf of Mexico -

Improving Offshore Hydrocarbon Exploration with an Artificial Intelligence Framework. In preparation.

Upcoming Presentations

Mark-Moser, M., Suhag, A., Rose, K., Wingo, P. Invited talk, accepted. Optimizing prediction of reservoir properties with artificial intelligence, big data, and the Subsurface Trend Analysis

method. Machine Learningfor Oiland Gas 2020, Nov.9-11, Virtual.

Mark-Moser, M., Romeo, L., Rose, K., Wingo, P., Duran, R. submitted. Assessment of natural and engineered systems data using machine learningto reduce offshore operational risks.
Offshore Technology Conference, 2021. Houston, TX.

Past publications*

Rose, K., Bauer, J.R., and Mark-Moser, M., 2020, A systematic, science-drivenapproach forpredictingsubsurface properties, Interpretation, 8:1, 167-181 https://doi.org/10.1190/INT-
2019-0019.1

Mark-Moser, M.; Miller, R.; Rose, K.; Bauer, J.; Disenhof, C. Detailed Analysis of Geospatial Trends of Hydrocarbon Accumulations, Offshore Gulf of Mexico; NETL-TRS-13-2018; NETL
Technical Report Series; U.S. Department of Energy, National Energy Technology Laboratory: Albany, OR, 2018; p 108. DOI: 10.18141/1461471.

Past Presentations*

* SMART Webinar December 2019

* AGU Fall Meeting 2019

* Machine Learning for Unconventional Resources 2019
* AAPG Special Topic Forum Invited Talk 2018

* Geological Society of America 2017

WINNER
=]

Datasets
* Mark-Moser, M. Subsurface Trend Analysis domains for the northern Gulf of Mexico, 3/25/2020, https://edx.netl.doe.gov/dataset/su bsurface-trend-analysis-domains-for-the-

northern-gulf-of-mexico, DOI: 10.18141/1606228

* *Previous project endedin2016. Some of these are subsequent products from that relate to this ongoing Al/ML offshore geohazrd research effort



https://doi.org/10.1190/INT-2019-0019.1
https://edx.netl.doe.gov/dataset/detailed-analysis-of-geospatial-trends-of-hydrocarbon-accumulations-offshore-gulf-of-mexico
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Milestones

EY20.5.H 06/2020 Initiate STA analysis of GOM subregion to refine use of the STA at multiple scales (wellbore-to-field scale) and provide a validation/test of the enhanced STA tool.

EY20.5.1 09/2020 Continuganalysis of advanced sulc{surfza.ce propfer.tifes in the central GOM anc! use new 3-D approach and visualization techniques as available. These may include CO, and/or H,S occurrence, fracture and fault distributions, and reservoir thickness. The team will pick one of
these variables, based on data availability, and initiate an STA analysis for this parameter.

EY20.5.) 09/2020 Release of the ML-NLP enhanced STA beta tool for 2-D analytics.

EY20.5.K 09/2020 Initiate development of 3-D analytical and visualization logicinto the ML-NLP-STA tool.

EY20.5.L 12/2020 Finalize development of ML driven neural network analysis of statistical dimensions and image embedding.

EY20.5.M 12/2020 Ir.1itiate 3-D analysis use-case us.ing STA ?na!ysis vyith a separ.ate fuzzylogic-driven NFTL tool of a GOM subregion for subsurface structural complexity or other advanced subsurface property. This effort will use high-resolution bathymetry to map se.afloor features (this has
ties to Offshore Task 6.0 goals) in combination with geophysical datasets to constrain the GOM subsurface and basement boundary to understand and forecast subsurface structural complexity (areas of more likely faults and fractures) and uncertainty.

EY20.5.N 09/2021 Continu? and finalize development on the component to handle real-time ingestion of subsurface geologic property data from LWD/SWD and wireline data streams. Real-time subsurface prediction and uncertainty reduction by combining STA with LWD/SWD data
streams in the 2-D ML/AI STA tool.

EY21.5.0 09/2021 Evaluate and implement beta augmented reality/virtual reality (AR/VR) capabilities that may be paired with outputs from the tool for 3-D visualization of STA properties, end-user benefit.

EY21.5.P - If appropriate, seek and engage a partner for a DOE TCF proposal to commercialize ML-NLP enhanced STA tool during summer of 2021

EY21.5.Q 09/2021 Complete journal manuscript describing.an(.:l documenting the
2-D ML/Al enhanced STA model and validation use-case from EY/FY20.

EY21.5.R 10/2021 Complete application of the 3-D ML/Al enhanced STA model, test case, initiated in EY/FY20 for structural complexity and bathymetric analytics. Evaluate for any changes or enhancements required to finalize and validate the tool.

EY21.5.S 12/2021 Complete a 2-D validation test case for 2-D ML NLP enhanced STA tool. The STA hybrid GOM analysis (see previous bullet) and/or the LWD/SWD real-time property capability can be used for this validation.

EY21.5.T 12/2021 Improve and finalize development of 3-D analytical and visualization logic into the ML-NLP enhanced STA tool.

EY21.5.U 03/2022 Enhance handling of real-time ingestion of subsurface geologic property data from LWD/SWD and wireline data streams. Reattime subsurface prediction and uncertainty reduction by combining STA with LWD/SWD data streams in the 3-D ML/AI STA tool.

EY22.5.V 06/2022 Complete development, testing, and validation of the 3-D MLNLP enhanced STA tool.

Chart Key
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Values Delivered

* Development of a ML-NLP-STA
tool that can be used at various
scales, from the basin to
wellbore, for subsurface

Key Takeaways

*Assessment and prediction of offshore
GOM subsurface properties key to
assessing resource and geohazards

*Project will produce a science-based, = . | woloration and real-tim
ML-NLP, 3D/4D tool for improved exproration and rea ©
. .. . geohazard monitoring of
prediction of subsurface properties )
sedimentary systems.
*Utilizing these predictions to assistin
efficient and successful reduction of
pre-drill hazards and risks associated
with resource management, e.g.,
oil/gas extraction, EOR, or CO2 storage.

* Enhancement of the STA model
into an ML-enhanced tool will
improve efficiency, safety,
optimize drilling operationsto
save costs, and improve
resource predictions to improve
access to domestic oil and gas
resources.
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** 3D Visualization from Variable
Grid Method (VGM) tool **
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Disclaimer: This presentation was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government nor any agency
thereof, 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 therein 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 therein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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