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Building a Data Framework for R&D

• Collect disparate 
datasets and contextual 
information

• Incorporate data across 
various scales and 
formats

• Span surface-subsurface

• Not all data is equal, not 
all data are easy…but 
there is more out 
there…put it to work!

ML/BD solutions, tools and capabilities can be devised or implemented to 
streamline and automate data collection, movement, and transformation



NETL’s Geo-Data Science: 
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Scaling the Data Pyramid -
Building Solution for Common 
Data Challenges

Challenges scientists face in order to 
effectively use data resources:

Data Analytics & Visualization:
Require advanced computational 
capabilities, algorithms, and 
large data stores to analyses 
these data

Data Interoperability:
Large variety of data makes it difficult to 
create, exchange, and use data across 
different applications and systems

Data Discovery:
20% public data versus 80% private

Data Access:
~80% loss of published data after 20 yrs

Are you 

?
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4 months period of 
performance

Acquisition of  
disparate data:

• >800 datasets
• >4 Millions of 

features

Global Open Oil 
& Gas 

Infrastructure 
Data Density

Converted Search 
Terms & Phrases 

into an Open O&G 
Spatial Database 

TM

Discovered & integrated 
open data sources of 

information related to oil 
& gas infrastructure 

across the globe

https://edx.netl.doe.gov/dataset/global-oil-gas-features-database

80% Dark 
Data

Machine Learning Semi-Automated 
Approach-

A tool that scans “seed” resources and 
identifies relevant keywords, then crawls the 

web and parses the data for integration
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Defining a 
strategy up 
front

Steps for data:
1. Acquisition, 

2. Integration & 
transformation, and

3. Analytics

Rose et al., 2018
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• Volume, variety, and velocity of 
data online is growing… 
exponentially

• How will you parse the tree from 
the forest?

As access to open, authoritative data increases science driven analyses face 
challenges to efficiently find, integrate and use these resources
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Use Case: FTP Data Mining: Hadoop + EDX

• Problem:
• Need to search data in FTP silos 

(millions of files, spatial and contextual)

• Solution:
• Index FTP silos using Hadoop  

Client

FTP Sites

WVGISTC

…USGS
Middleware
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NETL’s Big Data Discovery Ecosystem (To Date)

Data Collection:
• FTP Recursion
• WWW Crawl

Metastore
(Hive, HBase)

Data Analysis:
• Phrase Generation
• Relevance Analysis
• Geoprocessing

Data Mining Clients
TM
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Custom Scripts 

Python source scripts used to create, 
translate, and integrate the GOGI 
geodatabase. 

• Used to check and remove for 
duplicates

• Conduct language translation to 
English

• Project spatial data

• Generate updated versions of the 
geodatabase
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Not all data is 
equal

• Quality & quantity 
varies

• But understanding 
uncertainty and gaps 
in data is important 
for data driven 
analytics, 
stakeholder decision 
making, and other 
needs

Overall quality score

Ranking data quality by 
source, spatial and 

temporal features helps 
with analytics

Feature 

Datasets
Example Feature Classes

Transport Ports, Railways, Pipelines

Facilities/ 

Installations

LNG, Power Plants, Processing Plants, 

Refineries, Stations, Storage, Terminals

Production/

Extraction

Oil and Gas Fields, Platforms, Well Pads, 

Underground Storage, Mines, and Wells

Geology Sedimentary Basins
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Visualization

Tip of the pyramid

Rose et al., 2018



13

Analytics

Tip of the pyramid

Rose et al., 2018
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Analytics!

Tip of the pyramid

DiGiulio et al., in prep
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Embrace the uncertainty and error in data

Spatio-temporal data uncertainty 

information is often lacking due to 

difficulties encountered:

• from the variety of potential sources 

and definitions, 

• visualizing uncertainty, and

• communicating results

Failing to effectively communicate 

underlying uncertainty can lead to false 

conclusions and poor decisions as 

well as affect the quality of current and 

future research and products
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Example, why uncertainty matters

Uncertainty Viz/Quant for Spatio-
Temporal Analyses Can Improve:

• Resources evaluations  
• Impact assessments

• Understanding trends in the data
• Calculating Project Feasibility
• Identifying Knowledge Gaps

Allow for simultaneous visualization & 

quantification of spatial data and uncertainty

Communicate data (via colors) and 

uncertainty (via grid cell size)
Bauer & Rose, 2015

Estimating the depth to the 
base of groundwater to 

evaluate risks of groundwater 
contamination
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Rose, et al., 2018

Analytics –
Gaps Matter
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Global Oil and Gas 
Infrastructure (GOGI)

• 4 month performance 
period

• Acquisition of  disparate 
data by country, region, & 
continent totaling:

• ~800 datasets
• 4 million+ of features
• Attributes some 

regions/features

Supported by:

EDF used compiled database 
to inform decision-making 
about methane emissions  

Public Products:
• Technical report 
• GOGI Database
• Web mapping application
• Journal pub in prep:  Digiulio

et al., in prep, Elementa

https://edx.netl.doe.gov/dataset/global-oil-gas-features-database
https://edx.netl.doe.gov/dataset/development-of-an-open-global-oil-and-gas-infrastructure-inventory-and-geodatabase
https://edx.netl.doe.gov/geocube/#collections/gogi
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Array of 
Applications

• Adapted to work with 
other approaches, tools, 
and models

• Many data formats

• Multi-scale 

Predicted amount of oil (bbl)

Estimated number of impacts

Evaluating potential 
impacts of oil spills in 
the US Offshore

Predicting where oil is 
likely to go based on 
oceanographic data 

Forecasting induced 
seismicity risk in 

Oklahoma
Quantifying 
pipeline risks 
from extreme 
weather and 
geohazards

Coal source vs 
transportation vs 

consumption

Characterizing 
gas storage vs 
population 
trends
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https://siliconangle.com/2016/08/28/the-cloud-security-alliance-publishes-its-best-practices-for-big-data-security/

2018 Approach to Publishing R&D



A Virtual Library 
& Laboratory for 
Energy Science

• Virtualizing team analytics

• Continued innovations to 
connect DOE FE affiliated 
researchers to online 
resources (tools, data, etc)

• Publishing data products from 
FE R&D for public reuse

• A virtual lab/user facility for 
FE R&D teams collaborate, 
analyze, and utilize data  

• In development since 2011

https://edx.netl.doe.gov
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Numerous Data Repositories
Offers opportunities and challenges

https://www.dataquest.io/blog/free-datasets-for-projects/

https://www.dataquest.io/blog/free-datasets-for-projects/
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ML, NLP, OCR and other tools to resurrect old data

http://www.thibaudpoirier.com/libraries/

Traditional Approach to Publishing R&D

Journal manuscripts, books, reports, written results

Data tools can be used to:
• Mine journal/patents other publications
• Convert tables and graphs back to data
• Gather images for analytics
• Scan and characterize documents
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Data driven 
science… 

…takes a team
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• Computing science can help address subsurface systems data 
challenges

• How do we balance the tug of war between potential                                
of data to innovate vs. stakeholder concerns?

• Is all data equal?  What are the data priorities?

• Fill in the data puzzle one piece at a time…

• If you don’t have the data you want, are there proxy data                    
that can fill in the gaps?

• Think about demonstrating need vs value

• Error and uncertainty are important

• Incentives to release data, data citations, journals, and scientific 
community standards

• Anonymization and other big data computing capabilities can help 
unlock sensitive data to inform

Additional Data Challenges & Opportunities

Kelly.rose@netl.doe.gov

mailto:Kelly.rose@netl.doe.gov

