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* Driven by field-based
observations, interpretations

Correlation prediction

Field data e e RGNS

e

and measurements
* Integrated with contextual
geologic systems information
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http://www.geoexpro.com/articles/2011/02/the-only-complete-regional-perspective
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Addressing Gaps in Subsurface Prediction EEE&E‘&ELOGY
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Subsurface is a largely unconstrained
Highly heterogeneous

Prediction relies on indirect data and
methods

Quality and quantity of data is highly
variable

Existing interpolation algorithms

overlook contextual information

Need to improve prediction for areas of
little or no data

The STA method seeks to train data
and statistical methods to “think”
like a geologist
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Science-driven workflow for improved subsurface prediction: N=|ERERSY

the Subsurface Trend Analysis Method TLJAsSRarSRy'
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Defining areas with a common history T |Esinoroay
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Rose et al., in review
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Contrast against the full suite of data

2012 Sands Data: Depth vs. Initial Pressure

| 0 Domain 3: Depth vs. Initial Pressure
[ : ] S " 1E8
r=1.1584x + 1873.8 .
V=058 538738 | 4 Pleistocene
f Property - All Data \ Analysis - All Data y =ng2:68.¥85324559 ® Pliocene
5000 Secondary > = - 0.8773x + 5168.9 .
Alteration | YoV I ggaa 0 | @ Miocene
Data
10000 Acquisition
& Check for
Autocorrelation
£
A 15000
Z Property - Domain Data { i
E Geologic Analysis - Domain Data '!.. .
§ 20000 System h
[a] Knowledge £
Lithology Structure 2
[a)
25000
a) Resources for STA b) Domain Postulation \)_Domain Validation /6) Advanced Analyses
30000 | 30000 T
? S 1 i . < <X g0 0 5000 10000 15000 20000 25000 30000
Underpressure Pressure VEIpIGSSUiS a Hard Overpressure iti H
b st Regime g et Initial Pressure (psi)

Initial Pressure (psi)

(&) ENERGY |

Sands Database BOEM 2015



Mark-Moser, M., Miller, R., Bauer, J., Rose, K., and C. Disenhof. 2018, Analysis of

. Subsurface Reservoir Properties Using a Novel Geospatial Approach, Offshore Gulf of =—INATIONAL
Sand Pressure Gradient pertes o oo e |INN=|ERERGY

T TECHNOLOGY

p red ictio n i n t h e Offs h o re G O M Rose, K., Bauer, J.R., and Mark-Moser, M. (Expected Feb. 2020). Subsurface trend LﬁBO RATOR‘IF

analysis, a multi-variate geospatial approach for subsurface evaluation and uncertainty
reduction, Interpretation

A. Kriging - ho STA influence ‘ “ Legend

" Sand Pressure Gradient
(psi per foot)

= | STA provided a better prediction

I 0.467-0468

- far Lau.t_nf_qvery 3 points

Property - All Data s
( {\nalysns All Data

s

. S
Property - Domain Datal  Analysis - Domain Datalf, 5
————) N

 Defined 21 STA
geologic domains

e STA Predictions
utilizing >13,000
data points

Secondary
Alteration

Data
Acquisition
& Check for
Autocorrelation

B. Co-Kriging with STA influence

Geologic
System
Knowledge

Lithology Structure

Depth

Sands Validation Points

b) Domain Postulation C) Domain Validation Advanced Analyseé Best Model Fit
A with STA influence
L 4 without STA influence
Kilometers @ STA Domains




= INATIONAL

Incorporating ML into the Science-Driven STA Approach EE‘EEE&OGY
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* Filling the
need: real
time, adaptive,
improved
prediction of
subsurface
properties

* A smarter,
more efficient
way to gain
subsurface
insights
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Cautions for big data, ML driven analytics TE ENERGY ocY

Correlation does not equal causation
e Just because you have an analysis doesn't mean the results are meaningful

Uncertainty is critical
e Capture, reduce if possible, represent, utilize, quantify

Data science driven analytics should not be randomly applied,
must be guided by conventional science methods
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e Analytical methods must be appropriate for the goal
* Analytical methods must be appropriate for the data
* Analysis must be made in context of data collection
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BIG DATA

The Parable of Google Flu:
Traps in Big Data Analysis

David Lazer,"** Ryan Kennedy,*** GaryKing,® Alessandro Vespignani**®

Lazer et al 2014, the parable of google flu:
traps in big data analysis, Science

10



== INATIONAL

NLP & Al for unstructured data & knowledge g .

LABORATORY
Gather, curate & transform
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What is our target data?
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a) Resources for STA b) Domain Postulation C) Domain Validation d) Advanced Analyses

Target data for the STA method is:

Driven by geologic processes

Non-random

Autocorrelative (negative or
positive)

Single or multi-scale
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Lithologic thickness Reservaoir, field, region, basin

Lithologic composition Reservoir, field, region, basin

Porosity Well, reservoir, field, region, basin

Reservoir pressure Reservoir, field

In situ pressure Well, reservoir, field, region, basin

Reservoir temperature Reservoir, field

In situ temperature Well, reservoir, field, region, basin

Permeability Reservaoir, field, region, basin

Natural fractures Reservoir, field

Secondary alteration (e.g., diagenesis, Reservaoir, field, region, basin

mineralization)

Volume of shale/clay (Vsh) Reservoir, field, region, basin
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Dimensional analyses of subsurface property data TECHNOLOGY
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Neural network & NLP image analysis TECHNOLOGY
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* Natural language
rocessing to

identify content

from figure captions . /= —

* Training
convolutional

neural network for Outputaer
image identification | aput Laper
of spatial geologic '+ Hidden Layer
information:
geologic maps, LN . TensorFlow CNN
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Domain Validation & Universal Clustering Analysis
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Gulf of Mexico application

Kmeans clustering; no contextual =] ’ Kmeans dimensional Results are repeatable
information 7 analysis of 6 subsurface
properties

when utilizing Dbscan!
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Kmeans clustering utilizing STA

geologic domains

4 clusters

Poor continuity among clusters
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STA Tool- a virtual research assistant designed to T T —

* Organize and visualize disparate big data and
kn0W|Edge resou rces CllckandDraglegendtoreposmr;n IEDL

e Simplify and automate geologic domain formation

. . . 1.0
* Provide and execute statistical analyses and
validation 08
* Utilize machine learning to characterize property -
trends and predictions
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Questions?
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For more information:
e Visit https://edx.netl.doe.gov/offshore

* Email mackenzie.mark-moser@netl.doe.gov, kelly.rose@netl.doe.gov,

T anuj.suhag@netl.doe.gov
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