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HIGH PERFORMANCE COMPUTING

« High performance computing systems and applications are

key DOE lab capabilities for big data analytics and

machine learning

— GPU accelerators generate very rapid calculations for many S

problems, including subsurface flow predictions

— HPC resources within Oak Ridge Leadership Computing Facility
(OLCF) and at other labs have been evolving into “big data” and Al

supercomputers

o Titan is a hybrid GPU/CPU architectures that allow for enhanced Al

capabilities

mCPU
BGPU

o Summit and next-gen, exascale HPC will deliver very powerful, “fat”

nodes that enable unprecedented big data analytics

0 OLCF is an open research platform within a proposal based user

program
Titan: 27 PF
Jaguar: 2.3 PF :ﬁ’;ﬂ GPU/CPU
Multi-core CPU
7MW
2010 2012
2, U.S. DEPARTMENT OF FOSS i I

PENERGY Energy

2017

Summit: 5-10x Titan
Hybrid GPU/CPU
10 MW

CORAL System

2021

Exascale OLCFS5: 5-
10x Summit
~20 MW

OAK RIDGE | &

. National Laboratory | FACILITY




DOE R&D IN MACHINE LEARNING

DOE's Office of Science recently held a workshop on Machine
Learning

Core R&D ongoing in multiscale modeling and image processing
— ldentifying correlations in data

— Reducing dimensionality

— Improving sampling techniques

— Automating characterization methods

Improving robustness and interpretability of ML approaches

Uncertainty quantification

Quantum computing
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REDUCED ORDER MODELS (ROMS) ANRAP

NATIONAL RISK ASSESSMENT PARTNERSHIP USES ROMS TO PROBE UNCERTAINTY IN
THE SYSTEM
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SURROGATE RESERVOIR MODELING NRAP

o Utilizes datamining and neural networksto predict
reservoir behavior

— Pressures
— Saturations

« Can betrained with arelatively small number of
reservoir simulations

* Allows for spatial heterogeneity and operational
variability
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e Shrinks timefor reservoir simulation fromdays and
hours to minutes and seconds
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ROMS/BIG DATAANALYTICS WILL ENABLE REAL-TIME UNDERSTANDING
OF RESERVOIRS

Physics-based

Simulation
(Virtual Reality)

Knowledge from
Integrated Field

Experience

Empirical models
extract and accumulate
knowledge from big data.

Empirical Models
“a\l‘\mg (Reduced-order models;
and machine leaming)

Knowledge from
Field Data
in Real-time

Observations

(Big Data Models) / (e

Courtesy of Los Alamos National Laboratory

Lab+Field
Big Data

(Real Data)
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MACHINE LEARNING AND DISTRIBUTED SENSING

FIBER-OPTIC SYSTEMS WILL CREATE MASSIVE DATA STREAMS

» Simulate subsurface processes
using the GEOS code and record
synthetic DAS measurements

» Design and train a deep
convolutional neural network
(DCNN) to identify features

» Optimize the DCNN and test it on
fleld data ..........................................................................................................................................................................

Capability could be used to
make pumping schedule
changes in real time during
stimulation to target pay zone
more effectively

Microseismic Activity

Courtesy of Lawrence Livermore National Laboratory

Field Data

—

e Dark fiber also contains a
potential wealth of data that is
being mined (LBNL)
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INTELLIGENT WELL TECHNOLOGY

Decades of experience Courtesy of Lawrence Berkeley National Lab

developing/deploying
intelligentwell technology
Example: Modular Borehole —————
Monitoring
* Integrated, robust suite of
well-based tools
» Configurable for application, .
deploymentmethod, geologic Geopfione TEC
environment :
» Combine deployments from {
casing, tubing, wireline, /
behind casing Tube-in-tube U-tube sampler ~ Coax P,
» Continue developmentand
deploymentof inexpensive

. Monitoring
7 hamo Well
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onitoring cable

fiber optic distributed

temperature sensing (DTS), Monitor seismicity with

distributed acoustic sensing DAS and clamp-on
Monitoring CO2 Storage at 2 kmmw (DAS), and distributed strain geophone Wlth welded
(Onway) sensing (DSS) to identify local geophone line

anomalies.
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OTHER EXAMPLES OF O&G USE

* Improved ultrasound reconstruction algorithm development for Oll, <
Gas, and Geothermal wells using model based iterative methods
(ORNL) 0

depih

» Advance novel deep and machine learning techniques to develop o Wt P
methods for predicting unconventional oil and gas production COU_rtesy of Oak Ridge
characteristics (SNL) Nafiona Lab ,

» Detecting anomalies in petabytes of geophysical and geochemical - ﬁ“n

| WA TP
data (SNL) B

« Data-driven approaches to addressing induced seismicity (INL, LANL, _:-f@t' o uﬁ i‘$

LBNL, LLNL, NETL, PNNL, SNL) =" %‘é‘ ﬁ? i
Bk N R
» Advanced approaches to understand shale reservoir performance by "';- ;a-ﬁa\fw

analyzing production data (INL, NETL, LANL) '
» Fusing pore and reservoir scale information in models (LBNL)

» Toolset Development for Massive Datasets in Immersive
Environments (INL, PNNL)

* Real-time subsurface imaging, combining forward coupled simulation
with process feedback and control (PNNL)

» Deriving empirical models for complex fractured flow systems (LANL)

Computer Assisted Virtual
Environment (CAVE) system
displaying and earth model

' EN ERGY Energy Courtesy of Idaho National Lab
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KEY POINTS

« DOE and labs have significant capabilities in high performance computing, data
analytics, and machine learning

— Application to geoscience applications is in varying stages
» National labs have the tools needed to handle large oil and gas data sets

» There is a rich set up opportunities to apply machine learning to oil and gas
applications

— Shale behavior/performance

— Reservoir uncertainty quantification, enhanced production
— Intelligent well technology

— Seismicity

— Others

» Machine learning and distributed sensing together have significant potential to
improve recovery from both unconventional and conventional resources

» Afocus moving forward will be on machine learning approaches can enable real-
time reservoir management/control
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THANK YOU!

e Questions?
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