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The development of the Permian Basin can
be split into three stages:
e Cambrian to Mississippian:
* Tobosa Basin
* Early Pennsylvanian to Early Permian:
e Tectonic events and climate
fluctuations from glacial eustasy
* Middle to Late Permian:
* Infilling and decrease in
subsidence
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Map of Permian Basin during early-Permian time. Permian Basin denoted
by red square. Modified by Lopez-Gamundi, 2019; Blakey, 2003.




Permian Basin covers area of 65,000 mi2 or 168,000km?
across west Texas and southeastern New Mexico
Major structural elements of basin:

* Midland and Delaware Sub-Basins

* Central Basin Platform

* Matador Arch

Geologic History of the Permian Basin
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Major Permian Basin structural features.
Modified from Silver & Todd, 1969.



Midland Basin — Wolfcamp Depositional History )

The Wolfcamp, particularly the upper A and B
sections, is dominated by hemipelagic to pelagic
deposits and sediment gravity flows

Sea levels rose and fell during Wolfcampian
deposition, leading to the interlayering of
siliciclastics and carbonate seen in Midland’s
Wolfcamp Formation

Siliceous to Calcareous Mudstone{( & Hemipelagic Plumes
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Depositional model of Midland’s Wolfcamp Formation. Modified from Ward, 2013;
Pioneer Natural Resources, 2013.



Sediment Gravity Flows
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Carbonate Gravity Flows in Midland Upper Wolfcamp )

Core photo from a Midland Wolfcamp A well
demonstrates how fine-grained siliciclastics and
carbonate gravity flows interlayer in the upper sections
of the Wolfcamp
* The upper carbonate gravity flow likely a
packstone deposited by a high-density turbidite or
hybrid event
* The lower carbonate gravity flow likely a
wackestone deposited by low density turbidite
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Core from a Midland Wolfcamp A well showing carbonate
sediment gravity flows and fine-grained siliciclastic deposits.
Image from Zoeten & Goldstein, (2017).



Midland Basin Upper Wolfcamp Unconventlonal PIay 0

Between 2010 and 2020, 875 vertical, 12
directional, and 2,190 horizontal wells were drilled
in Midland’s Wolfcamp Formations

The Wolfcamp is a world class unconventional play

because:
o Wolfcamp A:
= Thickness is more than 300ft
= Porosity ranges from 7% to 22%
= Estimated TOC ranges from 2.0% to 8.0%
o Wolfcamp B
= Thickness is more than 150ft
= NPHI ranges from 6.0% to 20.0%
= Estimated TOC ranges from 1.2% to 7.0%
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Rock Characterization through ML — Data Acquisition )
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* Argos 9 well log acquired from Texas Railroad
Commission website

e Located in Andrews County in Midland Basin

* Vertical well with ~2000ft of data at 0.5ft step

e Data acquired by Halliburton for OK Arena
Operating Company
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Map of Permian Basin with a star marking the location of Andrews Unit 732 Well.
Modified from Shale Experts.



Rock Characterization through ML — Preprocessing 0
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Argos 9 well log created using Python. Image by Selena Neale.
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Rock Characterization through ML —Scaling Data )

Unscaled Argos 9 Data Scaled Argos 9 Data
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Rock Characterization through ML — Principle Component Analysis

PCA 0 vs PCA 1 Using Preprocessed Data PCA 0 vs PCA 1 Using Scaled Data
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Rock Characterization through ML — K Means with Four Clusters 0

K Means Clustering with Four Clusters: Scaled Argos 9 Data K Means Clustering with Four Clusters: Scaled Argos 9 Data Using PCA
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With four K Means clusters and scaled data, With four K Means clusters and scaled PCA
the average silhouette score is 0. 4503. data, the average silhouette score is 0.5012.
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Rock Characterization through ML — K Means with Three Clusters 0

K Means Clustering with Three Clusters: Scaled Argos 9 Data K Means Clustering with Three Clusters: Scaled Argos 9 Data Using PCA
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With three K Means clusters and scaled data, With three K Means clusters and scaled PCA
the average silhouette score is 0.4865. data, the average silhouette score is 0.5677.
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Rock Characterization through ML — Future Work 0

e Using other well data from Midland Basin wells and the Argos 9,
work with more complex machine learning algorithms,
particularly neural nets, that are capable of more in-depth,
accurate lithology characterization than K means clustering

* Definitively characterize lithology in well logs using a more
accurate, more complex algorithm, like neural networks

* Extract sections of well logs the more advanced algorithm
correctly picks as carbonate in close proximity wells

* Using this carbonate data, model possible carbonate gravity flow
geometries that could connect or isolate the wells
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