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Oilfield Data Analytics
Ø Huge amounts of data collected using 

electronics sensors like Permanent 
D o w n h o l e  G a u g e s ( P D G )  f r o m 
thousands of wells to determine the 
wells’ performance and reservoir 
characteristics.

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

Ø Value extracted from data in real-time is crucial for production 
optimization and operations of wells.



Challenges in Existing Oilfield Data 
Analytics System

Ø High rate of sensor data expansion 

Ø Unique characteristics of each well 
Ø Complex analytics algorithms (Innovative deep learning 

models)

Ø Real-time analytics
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Data Ingestion
Ø Multivariate time series data from the PDGs of multiple 

wells collected and streamed to the Kafka cluster in real-
time
Ø Guaranteed to store in order of receiving
Ø Guaranteed to be processed one time
Ø Guaranteed to not miss any message
Ø High throughput



PDG Data Cleansing
Ø Problems within raw data
§ Missing values
§ errors
§ conflictions among data attributes, e.g., wellhead pressure 

higher than down-hole pressure
Ø Preprocessing techniques
ü Supervised machine learning to calculate the error, missing or 

conflicting data
ü Physical rules of Petroleum engineering to check the results 

of machine learning, improve the results if necessary



Physical Rules Used For Preprocessing

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

Ø Oil rate and downhole pressure can not climb simultaneously
Ø When the well is shut down, the downhole pressure should 

be growing to maximum
Ø When production increases, the downhole pressure is 

supposed to be dropping
Ø Downhole pressure should be higher than wellhead values 

and can never be zero 



Preprocessed Results

Downhole Pressure 
Ø Downhole pressure can not 

be zero
Ø I t  s h o u l d  b e  a  c o n s t a n t 

while the well is shut down
Ø It  should be higher than 

wellhead pressure
Ø The error or missing data is 

fixed with other pressure 
values by machine learning 



Preprocessed Results

Downhole Temperature 
Ø Downhole temperature can 

not be zero.
Ø I t  i s  n o r m a l l y  h i g h e r  t h a n 

wellhead value.
Ø Using machine learning to 

correct the downhole pressure 
and other attributes.



Preprocessed Results

Wellhead pressure 
Ø Wellhead pressure has the 

most errors and missing ones
Ø I t  c a n  n o t  b e  h i g h e r  t h a n 

downhole value
Ø Use the downhole values to 

c o r r e c t  i t  b a s e d  o n  t h e 
machine learning algorithms.



Preprocessed Results

Production Correction

Ø Production should be zero 
when downhole pressure is 
maximum and stable

Ø And it should not be zero 
when pressure is dropping

Ø Values are checked and 
fixed by machine learning 
algorithms



Real-time 
Dashboard



Live 
Streaming 
PDG Data



# 	 of 	 records	 processed	
so	 far

# 	 of 	 records	 per 	 sec

Apache Spark 
Web UI Screen 
Shot:

Streaming 
Statistics 



Apache 
Spark Web UI  
Screen Shot:

Completed 
Batches



Powered by Open Inventor



DEEP LEARNING 25



Expert-picked Faults Machine-picked Faults



Conclusion 

Our petroluem data analytics platform is capable of
Ø ingesting PDG streaming data from multiple wells
Ø denoising them using physical rules and machine learning 

algorithms
Ø processing them to compute basic statistics
Ø Storing raw streams data and  processed streaming data in a 

NoSQL database in real-time
Ø Applying deep learning to predict oilfield production, and 

facilitate seismic interpretation



Ongoing Work

Ø Designing and integrating machine/deep learning algorithm 
to detect events in real-time and forecast production for 
reservoir optimization. 

Ø New deep learning models for seismic interpretation
Ø Enhance web interface for streaming visual analytics and 

statistical analysis.
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