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Big data and Deep Learning
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Image Classification, Object Detection, Localization, Speech Recognition, Speech Translation,
Action Recognition, Scene Understanding

Natural Language Processing
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Breast Cancer Cell Mitosis Detection,
Volumetric Brain Image Segmentation

Pedestrian Detection, Traffic Sign Recognition
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Oil & GAS Industry

* Geological structure identification
* Fault/Channel/Salt dome detection

* Reservoir Property Analysis
* Stratigraphic estimate

* QOilfield Intelligence
* Production Forecasting/Optimizations
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The Cloud Computing Research Lab

* Goal: building a scalable domain-specific big data analytics cloud
platform
* Built on top of Apache Hadoop and Spark
* Big data storage, analytics and visualization
* Machine Learning/Deep Learning models
* Scalable performance & productivity

* Sponsored by National Science Foundation
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Oilfield Data Analytics

» Huge amounts of data collected using
electronics sensors like Permanent
Downhole Gauges(PDG) from
thousands of wells to determine the
wells’ performance and reservoir
characteristics.

» Collected data are streamed to a data center for storage and
processing.

» Value extracted from data in real-time is crucial for production
optimization and operations of wells.
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Challenges in Existing Oilfield Data
Analytics System

» High rate of sensor data expansion

» Unique characteristics of each well

» Complex analytics algorithms (Innovative deep learning
models)

» Real-time analytics
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Our Oilfield Analytics Cloud

Machine Learning/ Deep Learning

Preprocess Event Reservoir
Da ta Detection Forecasting Optimization
( Denoising)

Apache Spark Streaming Engine

Statistical
Analysis
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Platform Modules

Data Data Real-time Interactive
Ingestion Cleansing Dashboard Querying
Production Event Visual Statistical

Forecasting  Detection Analytics Analysis
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Platform Architecture
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Software Stack

Oilfield Streaming Data Analytics Applications

OpenCV/Breeze Spark MLib| Scikit-learn | TensorFlow

Spark Batch Spark Streaming Spark Interactive

Hadoop HDFS | YARN | Mesos Cassandra Kafka
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Data Ingestion

» Multivariate time series data from the PDGs of multiple
wells collected and streamed to the Kafka cluster in real-
time
» Guaranteed to store in order of receiving
» Guaranteed to be processed one time
» Guaranteed to not miss any message
» High throughput
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PDG Data Cleansing

» Problems within raw data
Missing values
errors
conflictions among data attributes, e.qg., wellhead pressure
higher than down-hole pressure

» Preprocessing techniques
Supervised machine learning to calculate the error, missing or
conflicting data
Physical rules of Petroleum engineering to check the results
of machine learning, improve the results if necessary
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Physical Rules Used For Preprocessing

» Obey the oil production equation, which is controlled by
pressure difference between reservoir and downhole

» Qil rate and downhole pressure can not climb simultaneously

» When the well is shut down, the downhole pressure should
be growing to maximum

» When production increases, the downhole pressure is
supposed to be dropping

» Downhole pressure should be higher than wellhead values
and can never be zero 4rkhk,,

Qo=
p.:,[ln(},:.:l:rw2 )+ 25]

(P-P.)
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Preprocessed Results

Downhole Pressure
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Preprocessed Results

Down-hole Temperature Comparison DOW“ h O I e Te m Pe ratU re
I R S » Downhole temperature can
not be zero.

» It is normally higher than
wellhead value.

» Using machine learning to
correct the downhole pressure
and other attributes.
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Preprocessed Results

wwr—— \/cllhead pressure

— MPFM_PRESSURE —— MPFM_PRESSURE » Wellhead pressure has the

most errors and missing ones

» It can not be higher than
downhole value

» Use the downhole values to

correct it based on the

machine learning algorithms.
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Preprocessed Results
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Production Correction

Production should be zero
when downhole pressure is
maximum and stable

And it should not be zero
when pressure is dropping
Values are checked and
fixed by machine learning
algorithms



Qil Well Conditions

WELL LIST

(D) userPROFILE

STATISTICAL ANALYSIS
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NOTIFICATIONS

@ Good Condition @ High Pressure

Low production

Real Time Graph Data (Well SA002)
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Live data from Well: SA002

Zoom From | Nov 14,2011 | To Nov 14,2011

L |
| |
Raw dhptl: 5 835.95
» Clean dhptl: 5 835.950195
: + Raw Choke Size: 1.3

Clean Choke Size: 1.299999952

* Raw Qil Production: 2 134.3718

= Clean Oil Production: 2 134.371826
Raw Water Production: 6.6098633

« Clean Water Production: 6.609863281
* Raw Gas Production: 938.5356
Clean Gas Production: 938.5355835000001 a a
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(© 129.207.46.225:8004/streaming/

Jobs Stages Storage Environment Executors Streaming SQL
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Active Batches (1)
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3D Visualization
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Deep LEARNING:

Convolutional Neural Networks (CNN)

Il Pooling Option
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DEEP LEARNING




West Cameron Data Set
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Conclusion

Our petroluem data analytics platform is capable of
» ingesting PDG streaming data from multiple wells

» denoising them using physical rules and machine learning
algorithms

» processing them to compute basic statistics
» Storing raw streams data and processed streaming datain a
NoSQL database in real-time

» Applying deep learning to predict oilfield production, and
facilitate seismic interpretation
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Ongoing Work

» Designing and integrating machine/deep learning algorithm
to detect events in real-time and forecast production for

reservoir optimization.
» New deep learning models for seismic interpretation
» Enhance web interface for streaming visual analytics and

statistical analysis.
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Thank You
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