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Building a Data Framework for R&D

Å Collect disparate 
datasets and contextual 
information

Å Incorporate data across 
various scales and 
formats

Å Span surface-subsurface

Å Not all data is equal, not 
ŀƭƭ Řŀǘŀ ŀǊŜ ŜŀǎȅΧōǳǘ 
there is more out 
ǘƘŜǊŜΧǇǳǘ ƛǘ ǘƻ ǿƻǊƪΗ

ML/BD solutions, tools and capabilities can be devised or implemented to 
streamline and automate data collection, movement, and transformation
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Scaling the Data Pyramid -
Building Solution for Common 
Data Challenges

Challenges scientists face in order to 
effectively use data resources:

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

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

DataDiscovery:
20% public data versus 80% private

DataAccess:
~80% loss of published data after 20 yrs

Are you 

?



5

4 months period of 
performance

Acquisition of  
disparate data:
Å>800 datasets
Å>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 sourcesof 

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-

! ǘƻƻƭ ǘƘŀǘ ǎŎŀƴǎ άǎŜŜŘέ ǊŜǎƻǳǊŎŜǎ ŀƴŘ 
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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Å Volume, variety, and velocity of 
Řŀǘŀ ƻƴƭƛƴŜ ƛǎ ƎǊƻǿƛƴƎΧ 
exponentially

Å 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 usethese resources
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Use Case: FTP Data Mining: Hadoop + EDX

ÅProblem:
ÅNeed to search data in FTP silos 

(millions of files, spatial and contextual)

ÅSolution:
ÅIndex FTP silos using Hadoop  

Client

FTP Sites

WVGISTC

ΧUSGS
Middleware
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b9¢[Ωǎ .ƛƎ 5ŀǘŀ 5ƛǎŎƻǾŜǊȅ 9ŎƻǎȅǎǘŜƳ ό¢ƻ 5ŀǘŜύ

Data Collection:
ÅFTP Recursion
ÅWWW Crawl

Metastore
(Hive, HBase)

Data Analysis:
ÅPhrase Generation
ÅRelevance Analysis
ÅGeoprocessing

Data Mining Clients
TM
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Custom Scripts 

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

Å Used to check and remove for 
duplicates

Å Conduct language translation to 
English

Å Project spatial data

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

ÅQuality & quantity 
varies

ÅBut 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, WellPads, 

Underground Storage, Mines, and Wells

Geology Sedimentary Basins
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Visualization

Tip of the pyramid

Rose et al., 2018
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Analytics

Tip of the pyramid

Rose et al., 2018



14

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:

Å from the variety of potential sources 

and definitions, 

Å visualizing uncertainty, and

Å 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:

ÅResources evaluations  
ÅImpact assessments

ÅUnderstanding trends in the data
ÅCalculating Project Feasibility
ÅIdentifying 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



17

Rose, et al., 2018

Analytics ς
Gaps Matter


